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FIELD CT THE INVENTION 

The present invention relates to novel methods for combatting 
diseases, such as cancers, which are characterized by the 
presence of cell-associated gene expression products which are 
5 non-iiMiunocen;; or pcorly irjnun:;genic. In particular, the 
present invention relates to methods for inducing an immune 
response cochin -ted by cytotoxic T-lymphocytes (CTLs) , whereby 
cells carrying epitopes from the gene expression products are 
attacked and killed by the CTLs . The invention also relates to 
10 a method of preparing immunogenic, modified polypeptide 

antigens which are derived from weakly immunogenic antigens. 

The invention further relates to a series of applications of 
Applicant's AutoVac technology (which is the subject of WO 
95/05549; within the field of therapeutic vaccination against 
15 cancer. 

BACKGROUND OF THE INVENTION 

The idea of vaccinating against cancer has been around for 
more than hundred years and has enjoyed recurrent bursts of 
activity, particularly since the turn of this century. 

2C However, during the past 10 years the understanding of the 
fundamental molecular mechanisms cf the immune response has 
improved considerably. Among the most important milestones 
achieved during this period has been the discovery of the 
still growing list of cytokines and growth factors, the 

25 understanding cf the mechanisms of interaction between T and 3 
cells as well as the establishment of the cellular antigen 
processing pathways including the role and structure of the 
KHZ class I and II molecules in antigen presentation. 
Important discoveries with regard to cancer immunology - 

33 although still not fully understood - were also the 
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for human cancer, 



5 pending on how tumour immunity 1. .=<iui»d =y the patent 
"Inotherapy regimens can be categorised as .it er passive or 
active T„ passive immunotherapy regimens the patient 
passive!, receives immune components such as ^° kl ""' 
Libodies. cytotoxic T-c.ll.. or iymphocyt. activated *il-er 

+. e1 - Prtive specific immunotherapy 
-in /^ki -ells In contrast, active sp^- 

p " cols encompass actively inducing tumour immunity by 
Tacoination with the tumour ceil or rts antigenic components. 
This latter form of treatment is preferred because the 
immunity is prolonged. 

ri active career vaccines have focussed on inducing 
15 Passive and active c^ncei - rt -; v ~ 
eit h.r humoral or cellar immune responses For .ct 
vaccines It is well established tnat induction »■ »« " 
- helo.r cells is necessary in order to seconoar.ly -nduc. 
Either antibodies or cytotoxic CDS positive T cells. 

20 Passive vaccination with antibodies 

Since the discovery of the monoclonal antibody technology in 
the mid-seventies, a large number of th.rap.utrc monoclonal 
antibodies directed against tumour specific or "mour 
associated antigens has been developed. Monoclonal antibody 

.,„- ri „ to several serious problems: 
25 therapy, however, gives rise to sev 

_ paction of these foreign Iob .«nc»Jn^jn«™. 

J — — — — - T_ ^ _ ^^ortPd antibodies, 



In ^ e ^ ] ^— — — ' t-vT^Tn-iected antibodies, 

"response in the patient towaras the injected 

! a i-r ^ess efficient treatment as well as 
which may lead to ^ess eu^ 

serious allergic side-effects in the patients. 



antibodies usually must be administered in 
large amounts. This is a problem, since the production 
ccs - l3 of monoclonal antibodies are huge. 

Monoclonal antibodies rust be administered via the 
5 parenteral route and due to the relatively large amounts 

needed, the patients frequently must be hospitalised 
during the treatment. 

Injections of monoclonal antibodies must be repeated at 
rather short intervals (weeks) in order to maintain 
10 therapeutic effect. 

Monoclonal antibodies are usually not acle tc activate 
secondary effector systems of the immune system such as 
complement, KK-ceiis or macrophage killing of tumour 
eel Is . 

15 The latter disadvantage is of particular importance in cancer 
therapy and may be an important reason wny monoclonal antibody 
therapy of cancer in several cases has not been particularly 
successful. The so-called humanised monoclonal antibodies now 
used by many companies are less immunogenic, but unfortunately 

20 they are even less capable of activating the secondary immune 
effector systems. Furthermore, examples of secondary out- 
growth of tumours lacking the original tumour antigen have 
beer, deserved, since these antibodies do not induce "innocent 
bystander" effects on tumour ceils not carrying the tumour 

2 5 antigen. 

The poor effector capability of the monoclonal antibodies has 
led to the development of monoclonal antibodies chemically 
conjugated to different toxins and radioisotopes. Pharmacia 
Upjohn AB has e.g. developed a conjugate between a monoclonal 
30 tumour specific antibody and the Staphylococcus aureus toxin A 
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. n T .ells m the tumour. Mecarex 
wl , n th e purpose of ^* laMl antibodies containing 

inc. has developed b.spec. . - ^ ^ Fc . rece ptor 

a ,,mour specific Pab t r.g-t q£ activ£ting 

specif- antibody fragment -th ^ construc ts are -re 

5 macrophage killing of tumou, : c ; ^ ^ they ar 

effective than the — ^ Ant iLodies conjugated to 

also m ore expensive and i^nogen^ ^ ^ and 
radioisotopes are also , e . . ^ obse rved. 

other general toxic sxde - 

i -ntibody technology was a 
10 T,e appearance of the ^noclon- ^ ^ ^ ^_ 

defined, high-af unity a sing le -yp 

^clonal these antibodies only - ^ ^ ^ why the y 
epitope on a tumour «" ^ ^ syst em or 

15 usually are not able to act ^ 

biding to the Fc-receptors the co _ 

.fnl effector systems usually D . otru ding from, 

very powerful ef- anti body fragment P~° 

iocalisation of multiple 

the antigen 
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-issue. Such effects cave been observed by Kedarex Inc. using 
their bi-scecific monoclonal antibody conjugates. 

Since the discovery of the monoclonal antibody technology the 
po:en:iai use of polyclonal anoibodies for :ancer therapy has 
5 not been explored very much (except fcr the antigens described 
below}. One major reason is that well-defined tumour specific 
or tumour associated surface antigens only have been 
characterised within the recent years, out - more importantly 
- many of these have turned out t o be s e 1 f - ant i gens ana 
10 therefore r.on- irnrunogeni c . Accordingly, xenogeric polyclonal 
antibodies would necessarily have been used to study the 
effects. However, such antibodies induoe a vigorous immune 
response towards the injected foreign polyclonal antibodies 
which rap lily eliminate the therapeutic effects. 

15 Accive vaccination to induce antibodies 

Recent attempts to induce therapeutic polyclonal 
autoantibodies in cancer patients by aztive vaccination have 
been successful. Vacoines against membrane bound carbohydrate 
self-antigens (such as the O-linkei aberrantly expressed Tr. 

2 0 and son- antigens and the ganglioside 1 : pc saccharides GM2 and 
GD3) have been developed. These small oarconydrate structures 
are, however, very poor antigens so conjugates of these 
molecules with carrier molecules such as <eynole limpet, 
haemccyanir. (KLH) or sheep mucins (containing Tn- and sTn) 

25 must be used. In melanoma patients the induction of anti-GM2 
antibodies were associated with a prolonged disease-free 
interval and overall survival after a minimum follow-up of 
fifty-one months. Also randomised phase 11 studies have been 
conducted on breast cancer patients using a conjugate of sTn 

30 and KLH in the DETCX-3 adjuvant (3IOMIRA Inc.) showing that 

sTn immune patients had a significantly longer median survival 
compared to controls. Another example of the active induction 
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■ c - rce ^ is the use of idiotype 
of polyclonal antibodies xn^n ^ 
specific vaccination agams. ^ ^ cancer 

u h»«; been promising - " 
although it has been p 

type only- 

_ „ h , s developed active 

conW at. vacc.ne, a^nst ^ that thi5 

(GnRH) and gastrin. It tl „loc,ical activity o£ 

„«ln. 1» capable ot =°"«°^ n ^ Q „ as .utocrln. ,ro„th 
thes . hordes, ^ .X- «» u ; ceaa£ul phase II cUnicai 

1. »««. t« — »» " ,.«r<,lnt..tln.l cancer patents 

. have been conducted on sast 

trials have underway. 

ttt rlinical triai^ 
and phase III cimi 

Cytotoxic T-cells 

trat . d by several groups that tumour 
It has cee n cl-^-;»;;. s) y are pre sent m many 
15 specific cytotoxic infi lrrating 

tumours. These CTL s are tern* ^ rendered 

, TTT -s) However, tnes>e 
lymphocytes (TI-, • sever al different possible 

non-responsive or anergic by s ppressive cytoki nes 

me chanisms including ^"J^^ signals, down 
regulation of MH^ clas„ 

t - to isolate the tumour specific 
Th ere has been many attemp » ^ ^ and in some 

HLA class I bound peptides g ideS from the 

cases it has also ^ p I ptldes h ave been used to 

25 -lanoma associat ed an ^ ^ ^ but the 

induce a tumour specit lides in vaccine s^s 

.acticaluse^i^Li^^-— due to the 

TeTtrTcte, to a limited segmen. of P . ^ 

narrow HLA class 1 b ;;:r r ;;- ei ; dlfficult t o evo.e a CTL 

30 ^ herm °r;vL usinTsylthetic peptides due to the - 

response in vj.v^ 
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hali-Iife of these substances as well as the 
s with exogenous priming of MHC class I molecules . 

Many Dther approaches have been attempted in order to evoke a 
tumour specific CTL response inducing the use of cytodr.es 
5 (e.g. IL-2, T FN - y , IL-6, IL-IC or GM-CSF) or co- 

stirnulatory molecules (37) either ir. scluhle fern or expressec 
by the transf acted tumour ceil. Furthermore, immunisations 
with allogenic or autologous whole cells, or of tumour 
antigens prepared in specialised adjuvants designed to present 

10 the antigen via the MHC class I antigen presentation route, or 
tumour antigens expressed m e.g. vaccinia vectors etc. have 
oeen used with varying success. Still the general belief among 
tumour immuniloi'ists is therefore that one of the best ways to 
eliminate tumours would be to induce a strong specific anti- 

15 tumour CTL respznse. 

Apart from tne fact that these treatments usually are very 
expensive and difficult to reproduce, it has also turned out 
to be difficult to obtain a good immune response towards the 
tumour since many of the tumour associated antigens are true 
20 self-proteins to which most T cells appear to be tolerant. 

Therefore, it seems necessary to induce a controlled cellular 
autoimmune condition in the patient. 
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difficultly 



05JECT OF THE INVENTION' 

It is an object of tne present invention t: provide improved 
25 methods and agents f:r inducing immune responses in host 

organisms against undesirable antigens, e.g. tumour antigens. 
It is a further ooject tc provide a method for preparing 
polypeptide analogues of such undesirable antigens, analogues 
which are capable of inducing an effective irrutune response 
30 against the undesired antigen. 



SUMMARY OF THE INVENTION 



= Hcal lv been thought of as 
Presentation of aniens ^ ^^J^ and a class X 
two discrete pathways, a c.as 
endogenous pathway. 

t ^nfrom outside the cell or fro. the 
5 Briefly, a foreign P*<*~° ^ ^ as an endo scme which 
cell membrane is taken up ment which con taxns 

fuses with an intrace. , ^ ^ molecules . see of the 
proteolytic enzymes and , ^ ar£ 

produced peptrdes bind to class II, 
10 translocated to the cell membrane. 

■ characterised by the 
The class I endogenous _ is 
predominant P«" n " tl ° n ^ mediate d cleavage followed by 
bell eved to occur by P""' 8 ^^ the end oplasmic reticulum 
transportation of the peptides ^ ^ ^ £R _ In 

15 (ER ) via TAP molecules locate ^ transp ortation to 

ER the peptides bind to class 
the plasma membrane. 

nor fuliy distinct. For example 
However, these 2 pathway, , .re ^ ^ ^ ^ 
it is known that dendriti , (p inocytosing) 

„ tr .c.U.X.r proteins and ^ b een 

context of MHC class I. 1- sd „„,str.t»o» routes. 

— « £ th " "'^Txtd. wads, exogenous aniens ate 
by coupling to .ton o d ^ ^ . Thls 

25 capable of entering the C ^pottance .of a 

me chanist «™^^- 7 ^^t^v>^»» 11 ° n the 

— co ^it»nre XP te,sio„ of bo.h cl,s ^ th „e cell 

»a„e M C to elictt a three cell ,P by Hitchison 

- -tl:::.:::— .. - — - — e 

30 (1987) and later oy 
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of concomitant: presentation of class i ana class II epitopes 
o n che s a me A P C . 



It has previously been demonstrated thac insertion of a 
foreign XHC class II restricted T helper cell epitope into a 
5 self-anoigen results in the provision of an antigen capable of 
inducing strong cross-reactive antibody responses directed 
against the non-modi f i e d self-antigen (cf. applicant's WC 
55/0 584?) . It was shewn that the autoantioody induction is 
caused by specific T ceil help induced by the inserted foreign 
10 epitope. 



However, we have come to the conclusion that modified self- 
antigens - with the aid of appropriate adjuvants - ought to be 
capable of also inducing strong CTL responses against MHC 
class I restricted se If -epitopes and hence the technology 
15 described in WO 95/05349 can oe adapted to else provide 

vaccination against intracellular and other eel [-associated 
antigens which have epitopes presented in the context of MHC 
Class I. 



The autovaccir.e technology described in WO 95/C 53 4 3 has the 
20 effect that specific T cell help is provided to se 1 f -react ive 
E cells wnen a modified self-antigen is administered for 
uptake into the MHC class II antigen processing pathway (cf. 
Fig. 1, and Dalum I et al., 1996, J. Immunol. 157; 4796-4304). 
It was shown that potentially sel f -react ive 3-1 ymphc cyt es 
25 recognizing self -proteins are physiologically present in 

normal individuals. However, in order for these 3-lyitphocytes 
to be induced to actually produce antibodies reactive with toe 
relevant self -proteins , assistance is needed from cytokine 
producing T-helper lymphecytes (T H -ceils or T -lymphocytes) . 
30 Normally this help is not provided because T-lymphocytes m 
aeneral do not recognize T-ceil epitopes derived from self- 
proteins when presented by antigen presenting cells (APCs) . 
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, 0 . -oreignness" in a self- 
hv oroviding an element o- significant 
However, by pr. immunologically s.gn 

Dr otein (i.e. the foreign element are 

\ p- c eUs recognizm.y (such 
modification), _ foreig n epitope on an APC 

actl vated upon recognizing ^ - polyclo nal 3-ly.phocytes 

— U - : TiTp I capable of -cognising 

(which present 7-cell epi P ir . also internal.se 

self -epito P e S cn the . - ^ ^ ^ ^ fQreign T -cell 
the antigen and * c ^ attid T _lymphocytes 

epitope (s) thereof, and tne act self reactive 

sLeguently P^ide CV--^^^^^ produC ed by 
polyclonal B -lymphocytes. Si ^ differe nt 

these polyclonal - including those which 

epitopes on the modified polype > an antibody cross- 

are also present in the native *> is induced . In 

reactive with the ncn-di led s ^ ^ „ if , he 

conclusion, the ^-P- ^ _ have recognised an 

Dolycional B ly' 11 ^ J , inserted 

population oi P°xy -^ rf , as in fact only the 

„ tit e ly r; h : \os t . i» «.« es 

is'are foreign to ^ne f _ antig ens are 

20 capable of cross 
induced. 

• fir T cell help, 
_ TL . S also require specific 
As mentioned above, C.L ^ ^ . 

although the mechanism for this 

on our novel theory that 
we have based the present MHC class II epitopes 

25 tne self-Proteins containing forex* ^ ^ ^ class 

following exogenous uptake can . ^ dendritic 

1 antige n processing P^ay o - subdominant 
cells, in this way a strong CTL P induce d , Al-rnatively, 
.oitopes in the ^'^^^^ coulc be administrated 

----30-g^ I encoding ^ ^ " ^ ^ 
as nucleic acid vac«ne» ^ responseS . 

IX as well as MHC cla-s 



MtE BVCtecn/Au-.cVaCTL L,< 




1 1 

Tumour ::ol Is are very pour antigen presenting cells due to 
irsui i icient MHC :la55 I expression, lack cf -c-stirriuiatory 
m:l^c:uie.- :r secretion of immun d s upp r e s s i ve eye chines etc. 
llsico the a jt c va c i ne constructs and vaccination protocol 
5 mentioned a novo tne modified tumour antigen could be presented 
fcy MH2 class T as well as oy MHZ class II molecules on 
pro f ess i una 1. antigen presenting cells. Co-presentation of 
subdoninant se 1 f -epi t opes on MHZ class 1 and immune dominant 
foreign epitopes on MHC class II molecules would mediate a 
10 direct cytokine help from activated MHC class II restricted T- 
rvjlpt: ceils to MhC class I restricted CTL's (Fig. 2). This 
will m cur opinion lead to a specif:: oreak of the T cell 
a utot Die ranee towards the tumour antigen and this is exactly 
what is desired m cancer immunotherapy. 

15 Initial CTL experiments where mice have been immunised with 
dendritic cells pulsed with both a class I and a class II 
epitope show an enhanced CTL induction wnen tney have been 
immunised as well as rest imu la ted in vitro with both a class Z 
and a class II peptide compared to an immun i sat i<: n and 

20 rest lmulat i :n with just a class I epitope. This situation is 
comparable with immunisation with the autovaccine, where a 
foreign class II epitope is inserted in a self protein. Uptake 
and processing cf these molecules by professional antigen 
presenting cells such as dendritic cells, leads to 

2 5 presentation of the foreign class II epitope together with 

some self class I epitopes. It is known that it is possible to 
elicit autoreactive CTL's, but the presenoe of a foreign class 
II helper epitope very likely should enhance this CTL 
i nduct ion . 

30 In conclusion, a vaccine constructed using the technology 
outlined above will induce a humoral autoantibody response 
with secondary activation of complement and antibody dependent 
cellular cytotoxicity ;ADCC) activity. It is also expected 
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that it will induce a cytotoxic T cell response directed 
against e.g. a tumour specific membrane antigen. 

Hence, in the broadest and most general scope, the present 
invention relates to a method for inducing an immune response 
5 against a polypeptide antigen in an animal, including a human 
being, said polypeptide antigen being weakly immunogenic or 
non- immunogenic in the animal, the method comprising effecting 
simultaneous presentation by antigen presenting cells (APCs) 
from the animal's immune system of an immunogenically 
10 effective amount of 

1) at least one CTL epitope derived from the polypeptide 
antigen ana/cr at least one B-cell epitope derived from 
the celi-asscciated polypeptide antigen, and 

2) at least one first T helper cell epitope (T H epitope) which 
15 is foreign to the animal. 

In a more specific variant of the inventive method, the 
invention relates to a method for down-regulating a cell- 
associated polypeptide antigen in- an animal, including a human 
being, said polypeptide antigen being weakly immunogenic or 

20 non-imrr.unoger.ic in the animal, by inducing a specific 

cytotoxic T-lymphocyte (CTL) response against cells carrying 
the cell-associated polypeptide antigen on their surface or 
harbouring the cell-associated polypeptide antigen in their 
intracellular compartment, the method comprising effecting, in 

25 the animal, simultaneous presentation by a suitable antigen 
presenting cell (APC) of 

1) at least one CTL_e P itope_derived _from _the_ cell-associated _ 
polypeptide antigen, and 

2) at least one first T-helper lymphocyte (T„) epitope which 
30 is foreign to the animal. 
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Also, one novel strategy for preparing an i mmuno gen i c agent is 
cart of ihe inventicr.. This novel strategy encompasses the 
selection and production cf analogues of weak cell -associated 
antigens, where the preservation ol a substantial fraction of 
5 known and predicted CTL epitopes is aimed at while at the same 
time introducing at least one foreign T H epitope. 

Furthermore, the invention relates to certain specific 
immunogenic constructs based on known tumour- as scciat ed 
antigens as well as to compositions containing these 
1 0 cons tructs . 

Finally, the invention relates to nucleic acid fragments, 
vectors, transformed cells and other toccs useful in molecular 
biological methods for the production cf the analogues of the 
tumour- as sociated antigens. 



15 LEGENDS TO THE FIGURE 

Fig. 1: Tne traditional AutoVac concept. A: To lerodomi nan t 
se .1 f -epitopes presented on MHC class II are ignored due to 
depletion in the T cell repertoire. 3: Inserted foreign 
immunodominant T cell epitopes presented on MHC class II 
2 0 activate T helper cells. C: B cells specific for native parts 
of the self -protein presenting foreign immunodominant T cell 
epitopes cn MHC class II are activated by the cytokine help 
provided by the T helper cell. 

Fig. 2: The AutoVac concept for inducing a CTL response. A: 
25 Tolero dominant self -epi topes presented on MHC class I are 

ignored due to depletion in the T cell repertoire. B: Inserted 
foreign immunodominant T cell epitopes presented on MHC class 
II activate T helper ceils. C: CTL' s recognising sufcdcminant 
sei f -epi topes presented cn MHC class I are activated by the 
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. nH the 7 intracellular covins are rep 
Tat c , — varying decrees of homology and 

,: HP with indications of inse^x 
10 polypeptide ^u.. 

and P30 epitopes. 

a • r x on-intron structure 
Fig . ~, n. genes and pro «r " • ^ th . 

o£ the human and »,.e FGF8 ge ^ ^ acid 

eight Afferent splice The ^^i* 

15 sequence of the and rGF3e ate indicated by 

stretches unique lo FGr 8d, - th( _ shoctest 

itihc or underlined typeface.. t 
bold arc rt«l-c highlighted sequences, .he 

variant containing none of these g c _ terml „ all y to 

srgnal peptide is - 'J ^ ^ FGF8 (all 

20 fi la 22 . The - =V» . .. ^ Ih= w 

iso; °r;'- - — «• i "« icated by uavy 

r„ri nlnM-ring Is accorcln, to FGF8b . 



he four different variants of FGF8b 



Fig. 6: Illustrations ot - " Tne0 retical models 

* deseed for autovacc.nat , P ^ ^ crystal 

of th e .nsert.on-po.nts of the ep t p ^ ^ 

stru cture as template ^^^J^^zr^TTT^ 
F30I, and F2C The sxgnal pept.ce 
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is clue to generation of a Kozak- sequence ;K:zak 1991) for 
better translation in eucaryDtic systems. 

OETAILLO DISCLOSURE OF THE INVENTION 

Per ir.it i on s 

5 In the f Dllowing a number of terms used in the present 

specification and rlaims will be defined and explained in 
dec ail in order to clarify the metes and bounds of :he 
invent ion . 

A "cell-associated polypeptide antigen" is in the present 
10 specification and rlaims intended to iencte a polypeptide 
which is confined t: a cell which is somehow related to a 
pathological process. Furthermore, the cell presents CTL 
epitopes of the polypeptide antigen bound to MHC Class I 
molecules on its surface. Cell-associated polypeptide antigens 
15 can therefore be trjly intracellular antigens (and thereby 
unreachanle for a numeral immune response; or antigens bound 
to the surface of one cells. The eel 1 -a s s o o i a t e d antigen can 
be the product of tne cell's own gene expression, of a 
intracellular parasite, of a virus, or of another cell. In the 
20 latter case the polypeptide antigen is subsequently associated 
with the cell which is involved in tne pathological process. 

The terms "T-lympr.Dr.yte" and "T-cell" will be used 
interchangeably for lymphocytes of thymic origin which are 
responsible for various cell mediated immune responses as well 
25 as for effector funrtrons such as helper activity in the 

humoral immune response. Likewise, the terms " B- lymphocy le" 
and "B-ceil" will be used interchangeably for antibody- 
producing lymphocytes. 
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is a C ell which presents 
An "antigen presenting eel - nting cells are 

■t rpils Typical ar.t^tn ^ 
epitopes to T-eel . ,P ^ p .„ aqocyI12i „a and 

macrophages, der.dri.ic ce also 
pino c y ti:inq ell- « ^ t^ T epitopes bound to MCH class 
— as .PC. » n ;I erally us i„c the term »C 

II molecules to T H cex intended to 

^^firation and claxms n. 



cells . 
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„ or « T cells" denotes CD4 positive T- 
-Helper T- lymphocytes o h ^ ^ cytotoxic T-cells via 
cells which provide tQ MHC class XX molecules 

-he recognition of T„ epu h 
on antigen presenting cells. 

(CTL) w-11 be used for CDS 
Th. «m "cytotoxic T-lVM-ocy- ' o£ T> c ., 13 « 

„„., llv . T-cells which require the ass. 



15 positive T-cel 

order to become activated. 



. - r ^v^e present context 
A specific" l»-e response . m . . dir ected 
tended to denote a polyoma. ^ quasl . id e„tical 
predominant!, ^ cells which present CTL 



molecules . 



h -wes. or »— * ^ ^ r Lmo acrd sequence 
intended to denote ^ ^altiqens darned from the 

25 o£ tM „„* ""-■^• t h l a „, , but al so polypeptides 
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systems cr even pro>aryotic systems; are included wi:hin the 
boundaries cf the term. It should, hrwover, be noted that when 
usmo the term., it is intended that the polypeptide in 
cue st ion is normally non- immunogenic or only weakly 
5 immunogenic in its natural localisation in the animal to be 
treated. 

The term "polypeptide" is in the present context intended to 
mean both short peptides of from 2 to 10 amino acid residues, 
oligopeptides of from 11 to 10C amino acid residues, and 
10 polypeptides of more than ICO amino a=:d residues. 

Furthermore, the term is also intended to include proteins, 
i.e. functional biomolecules comprising at least one 
polypeptide; when comprising at least two polypeptides, these 
may form complexes, be covalentiy linked, or may be non- 
15 covalently linked. The polypeptide ( s ) in a protein can be 
glycosylated and/or lipidated and/or oomprise prosthetic 
groups . 

The term "subsequence" means any consecutive stretch ot at 
least 3 amino acids or, when relevant, of at least 3 
20 nucleotides, derived directly from a naturally occurring amino 
acid sequence cr nucleic acid sequence, respectively. 

The term "animal" is in the present context in general 
intended to denote an animal species (preferably mammalian) , 
such as Homo sapiens, Canis domes t l ens , etc. and not just one 

25 single animal. However, the term also denotes a population of 
such an animal species, since it is important that the 
individuals immunized according to the method cf the invention 
all harbour substantially the same weak, cell-associated 
polypeptide antigen allowing for immunization cf the animals 

30 with the same immuncgen ( s ) . If, for instance, genetic variants 
of polypeptides exist in different human populations it may be 
necessary to use different immunogens in these different 
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in the antigen by ant.oody brnd^ ^ ^ p „ wt inventor. 
10 „ OT ever. it 13 also al o£ the 
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engages pathogenic agen:s wnicn 
with the inmur: oger, . 



share inr.unological features 



When usir;:: the expression that the weak cell-asscciated 
polypeptide ar.tictns have been subjected to a "modification" 
5 is herein meant a chemical modification of the polypeptide 

which constitutes the backbone of the polypeptide in question. 
Such a modification can e.g. be cerivat izat icn (e.g. 
alkylation) of certain ammo acid residues m the amine acid 
sequence, but as will be appreciated from the disclosure 
10 nelow, the preferred modifications comprise changes of the 
orimary structure of the amino acid sequence. 

When discussing "tolerance" and "aut otc lerance " is understood 
that since the polypeptides which are the targets of the 
tresent inventive method are sel f -proteins in the population 

15 tc be vaccinated or proteins which do net result m induction 
of an effective immune response, normal individuals in the 
population do not mount an immune response against the 
pclyoeptide. It cannot be excluded, though, that occasional 
individuals in an animal population might be able to produce 

20 antibodies against the native polypeptide antigen, e.g. as 
part of a autoimmune disorder. At any rate, an animal will 
normally only be autotolerant towards its own polypeptide 
antigen, but it cannot be excluded that analogues derived from 
other animal species or from a population having a different 

25 phenotype would also be tolerated by said animal. 

A ^foreign T-cell epitope" is a peptide which is able to bind 
to an MHC molecule and stimulates T-ceils in an animal 
species. Preferred foreign epitopes are "promiscuous" 
epitopes, i.e. epitopes which binds to a substantial fraction 
30 of MHC class II molecules in an animal species or population. 
Only a very limited number of such promiscuous T-cell epitopes 
are known, and they will be discussed in detail below. It 
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5 tn . sa„e analog »r '>^ coou , epl tope mserted. « 
analocue ha, a different pr» n T . cell epl topes 

that the concept u epitopes 
should be noted tnat ^ eFitopes , i.e. ep 

also encompasses use of cryp ^ ^ Qnly exerts 

10 immunogenic oe nro tein in question. 

nart of the sell yj- -» 
being part 

, sa peptide -hioh is able to bind to an 
ft »CTL" epitope is a P v 
class I molecule. 

lp is in the present 
» -actional part" of a ^ „ ole cule whteh » 

„ co „-.e«t ihtehded t= »» tj» P Blochlim . C>1 or 

responsible tot at 1""° t „ e molec ule. It rs »eU 

physiological effects exerted oy e££ector 
tU ih the att that »n> • .«» « " £oc che 

molecules have »„ „. «„„ parts of 

20 effects exerted by the „ , olobll «» .nhancrn, 

„e -»« S " V ; * ° le£t out if these purposes are 

purpose and car. therefore eirtodin .„ t of .he 

■„ ot of relevance in =»«*t „ ls pos srdle to use certarh 
oresent matron. For instance ^ ^ 

Wtokin.. as a -odify^u ««« > ^ the iss »e of 

Icarled discussion he 1 ;; a„d^ ^ ^ ^ th . a „ alog „ 
stability »ay be irr.l 

provides the stability necessary. 
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surface, it is normally necessary that at least one CTL 
epitope, when presented, is associated with ar: MHC Class I 
mclecule on tne surface of the AFC . Furthermore it is 
preferred that the at least one first foreign T M epitope, when 
5 presented, is associated with an MHC :iass II molecule on the 
surface of the APC. 

Preferred APCs presenting the epitopes are dendritic cells and 
macrophages, but any pine- or p r.agouy t i z i r.c APC which is 
capable of simultaneously presenting 1) CTL epitopes bound to 
13 MHC class 1 molecules and 2) T H epitopes bcund to MHC class II 
molecules, is a preferred APC according to the invention. 

According to the invention, the cell-associated antigen is 
preferably selected from a t umiu r-a s sociated antigens and 
other self-proteins which are related to pathological 

15 processes but also viral antigens and antigens derived from an 
intracellular parasite or bacterium will. It is well-known in 
the art that such pathogen-associated antigens are often 
relatively poor immunogens (e.g. antigens from mycobacteria 
such as Mycobacterium tuberculosis and Mycobacterium leprae, 

20 but also from protozoans such as Plasmodium spp . ) - It is 
believed that the method of the invention, apart from 
rendering possible the production of antibody and CTL 
responses against true self-protein antigens, is capable of 
enhancing the often insufficient immune response mounted by 

25 the organism against such intracellular antigens. 

Normally, it will ce advantageous to confront the immune 
system with a large fraction of the amino acid sequence of the 
eclyoeptide antigen which is the vaccine target. Hence, in a 
preferred embodiment, presentation by the APC of the CTL 
30 epitope and the first foreign T H epitope is effected by 

presenting the animal's immune system with at least one first 
analogue of the ce 1 1 - as s o c i a t ed polypeptide antigen, said 



22 



aria-ion of the amine acid 

fir st analogue -P-s^a v ^ antigen , said 
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15 predictea CTL epitopes of .h CTL 

antigen, i.e. a fraction of th f ^ class , 

epitopes which binds a sufri^ ^ ^ th at 

molecules m a population^ - predic ted CTL epitopes 

the substantial fraction of now ^ recogn ized by 

20 in the arnino acid ^ ypes recognil ing all Known and 

at least 50 % of the MHC-I ^ f iated polypeptide 

predicted CTL epitopes m th errsd , suc h as at 

antigen, but higher percentage P ^ ^ ^ 
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25 Especially preferred is the - ^ ^ cell . associa ted 
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100% of the Known CTL e P P e-. ^ ^ CTL 
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30 epitopes c, ... ^ . 

present in the a, least 



f CTL epitopes are well 
Methods for P^^\:;:TscLsio^ of specific 
kn own in the art, cf - 



algorithms used for the identification of putative MHC I 
binding peptide fragments. 

As will be atparert frcrrL the present specification and claims 
it is expected that the inventive net hod described herein will 
5 render possible the effective induce ion of CTh responses 
against cell - associated polypeptide antigens. 

in cases where the eel 1 -associated polypeptide antigen is 
truly intracellular, the induction of a CTL response against 
cells harbouring the antigen is tne only way to achieve its 
10 down-regulation by specific immunological means. However, in 
the case of membrane-associated antigens, it is advantageous 
to induce a antibody response against the weak, cell- 
associated polypeptide antigen. 

This can be achieved in a number of ways Known to the person 

15 skilled in the art. For instance, the at least one first 

analogue may, apart from the at least one CTL epitope and the 
at least: one foreign T H epitcpe, comprise a part consisting of 
a modification of the structure of the cell-associated 
polypeptide antigen, said modification having as a result that 

20 immunization of the animal with the first analogue induces 
production of antioodies in the animal against the cell- 
associated polypeptide antigen. Alternatively, the method cf 
the invention can involve effecting presentation to the 
animal's immune system of an immunocen i c.a i 1 y effective amount 

25 of at least one second analogue of the te 1 1 -a s soc i a t ed 

polypeptide antigen which contains such a modification. A 
convenient way to achieve that the modification has the 
desired antibody-inducing effect is to include at least one 
second foreign T H epitope in the second analogue, i.e. a 

30 strateuy like the one used for the first analogue. 
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exceed c 0 , 
or eve" 40. Mc 



1 in particular the number should not exceed o 0 
r> referred is a number of not more than 33. 



Preferred embodiments of the invention includes modification 
bv* introdu:;;i:i: a: least one foreign immunodominant T H epitope. 
5 It will be understood that the question of immune dominance of 
a T-oell epitope depends on the animal species in question. As 
used herein, the term "immunodc.T.inance" simply refers to 
epitopes whicn Ln the vaccinated individual gives rise t: a 
siunif leant immune response, but it is a well-known fact that 
10 a T-cell ecitope which is immunodominant in one individual is 
not necessarily ^mmuno dominant in another individual of the 
same coecies, even though it may te capable of binding MHC -II 
molecules in the latter individual. 

Another important point is the issue of MHC restriction if T- 
15 cell epitopes. In general, naturally occurring T-ceil epitopes 
are MHC restricted, i.e. a certain peptides constituting a 7- 
cell epitope will only bind effectively to a subset of MHC 
Class 11 molecules. This in turn has the effect that in most 
cases the use of one specific T-cell epitope will result in a 
20 vaccine eomp:nenc which is only effective in a fraction of the 
population, and depending on the size of t.hat fraction, it can 
be necessary t: include more T-cell epitopes in the same 
molecule, or alternatively prepare a mui t i -component vaccine 
wherein the components are OPGL variants whioh are 
25 distinguishes tr:t easn other by the nature if the T-ceii 
epitope in t rid used. 

If the MHC restriction of the T-ceiis used is completely 
unknown (for instance in a situation where the vaccinated 
animal has a poorly defined MHC composition) , the fraction of 
33 the population covered by a specific vaccine composition can 
be determined by means of the following formula 
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-wherein <p : is the su. of frequencies in the population of 
allelic haplotypes encoding XHC molecules which bind any one 
of the T-cel) epitopes in the vaccine and which belong to the 
H" of the 3 known HI, A loci (Dr, DR and DQ); in practice, it is 
5 fi rS r determined which MFC molecules will recognize each I- 
cell epitope in the vaccine and thereafter these are listed by 
tyoe ;DF, DR and DQ) - then, trie individual frequencies of the 
different listed allelic haplc types are summed for each type, 
thereby yielding <p : , <p 2 * anc * 

10 it may occur that the value r ; in formula II exceeds the corre- 
sponding theoretical value nr. 

3 

*,=i-rio-v) 2 (iv) 

-wherein u, is the sum of frequencies in the population o: 
allelic haplotype encoding HHC molecules which bind the i- T- 
15 cell epitope in the vaccine and which belong tc the j ttl of the 
3 known KLA loci (DF, DR and DO) . This neans that in 1-n. of 
the population is a frequency of responders cf i .es^ai., = (P ; ~ 
nj / (1--T.) • Therefore, formula "I can be adjusted so as to 
yield formula V: 

2 o = i - n (i - ) : - 1 - n d - /re^o >, ; v ; 

-where the term 1-f res _,. a .- ; is set to zero if negative. It 
should be noted that formula V requires that all epitopes have 
been haplotype mapped against identical sets of haplotypes. 

Therefore, when selecting T-cell epitopes to be introduced in 
25 the CPGL analogue, it is important to include all knowledge of 
the epitopes which is available: 1) The frequency of 
respenders in the population to each epitope, 2) XHC 
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had o t y p e s . In this context the pan DP. epitope peptides 
; " FAoRll" ) describee, ir. a'C 95/077C7 and in the corresponding 
paper Alexander C et al., 1?94, Immunity 1: HI- 1 61 ibcth 
disclosures are incorporated by reference herein! are 
interesting candidates f:r epitcpes to be usee according to 
the rresent invention. In shculc be noted that the nsst 
effective ?A??.£ peptides disci: sed in these papers carry J- 
annc acids in che C- an: K- termini in order to improve 
stability when administered. Hiwever, tne present invention 
primarily aims at incorporating the relevant epitopes as part 
cf the modified OPGC whi ch should then subsequently be br: ken 
d o w n e n z yna 1 1 c a 1 1 y inside t h e 1 y s o s oma 1 c omp a r t me n t of A F Z s to 
allow subsequent presentation m the context of an MHC-II 
molecule and therefore it is rot expedient to incorporate D- 
amir.o acids in too epitopes usee in the present invention. 

One especially preferred PADRE peptide is the one having the 
amino acid sequence A?;FVAAWT1KAAA or an immunologically 
effective subsequence thereof. This, and other epitopes having 
the same lack of MHC restriction are preferred T-cell epitopes 
20 which snodd be present in the OPGL analogues used in the 

inventive me too d. Sj::i s jpe r -promiscuous epitopes will allow 
for the most simple embodiments -of the invention wherein only- 
one single analogue is presented to the vaccinated animal's 
immune system. 

25 Tne nature of the ao eve - di sous se d va r 1 a t ion /mo ::i f ica t ion 
preferably comprises that 

- at least one first moiety is included in tne first and /or 
second aria lo gue ( s ! , said first moiety effecting targeting 
of the aria lc cue to an antigen presenting ceil (AFC), 
30 and/or 

at least one second moiety is included in the first and/or 
second analogue (s), said second moiety stimulating the 
immune system, and/ or 
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a receptor on the B - lymphocyte or the API ; e . g . nannan or 
nannose) . Alternatively, the second moiety can ice a hapten. 
Also an ar.tibcdy fragment which specifically recognizes a 
surface molecule on A?Cs or lymphocytes can be used as a first 
5 moiety (the surface molecule ran e.g. be an FCy receptor of 
macrophages and monocytes, su:h as FCyRI or, alternatively any 
other specific surface marker such as CD40 or CTLA-4). It 
should be noted that all these exemplary targeting molecules 
can be used as part cf an adjuvant, of. belcw. CD40 ligand, 

10 antibodies against CD40, or variants thereof wh.ch bind CO40 
will target the analogue to dendritic cells. At the same time, 
recent results have shown that the interaction with the CD4G 
molecule renders the T H cells unessential for obtaining a CTL 
response. Hence, it is contemplated that the general use of 

15 CD 4 0 bindinc molecules as the first moiety [or as adjuvants, 
cf. below; will enhance the CTL response considerably; in 
fact, the use of such CT4 0 bindinc molecules as adjuvants and 
N 'first moieties" in the meaning or the present invention is 
believed to be inventive in its own right. 



20 As an alternative or supplement to targeting the analogue to a 
certain cell type in order tc achieve an enhanced immune 
response, it is possible to increase the level cf 
responsiveness of the immune system by including the above- 
mentioned seccnd moiety which stimulates the immune system. 

25 Typical examples of such second moieties are cytokines, and 
heat-shock proteins, as well as effective parts thereof. 

Suitable cytokines to be used according to the invention are 
those which will normally also function as adjuvants in a 
vaccine composition, e.g. interferon y (IFN-y}, Fit 3 ligand 
30 ;Flt3L), interleukin 1 [IL-l), interleukin 2 (IL-2), 

mterieuKin 4 (IL-4), interleukin 6 (IL-6), interleukin 12 
(IL-12), interleukin 13 (IL-13), interleukin lr (IL-IS), and 
granulocyte-macrophage colony stimulating factor (GM-CSF); 
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f the cytokine molecule 
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is ,„ important embodiment of J* ^ , t knom 

15 several examples of thi = , ^ ^ BO „ elia 

that the pantoyl utulsed s „ „ to prov.de 

burgdorferi protein Osp» =» °= " ^ 96/40 -, 181 . It 

sei£ - ad ,uvatih, P=WpePt^es ^ ■ mlcelle -u*e structures 
lMt w lipidated ;; 0I ; Di P datlon anchor part, of the 

20 with a core consisting o ■ ^ ^ 

polypeptides and the ln „ uUiple presentations o 

protruding therefore, '"""^ ^ use o{ .his and re.ated 
Ph. antigenic determinants »■ ^ ^ • 

apP roaches using differ- ^ f ^ ^ nlon , especraUy 
25 anchot) are preferred embo tion anc hor in a 

since the provision of such a liP ^ sttaight f orward and 
recombinant!, produced prot.r occu „i„g signal 

merely requires use ^ -^Wl"-" 1 *" 7" 

-■ - rrrrSd^ag^nt of complement factor" 

30 possibility , r se ^ ^ „ en . n , 

" " K h e ', »9S. »■«" ^ M0 ^ 

and Lou a Koniei, 
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If is important to note :na: when attempting to use the method 
or the invention against e.g. membrane bound polypeptide 
antigens which are exposed to the extracellular con. pa r tment , 
it is most preferred that the first and ''or second analogue is) 
5 has/have substantially the overall tertiary structure of the 
cell-associated polypeptide antigen. In the present 
scecif icati on and claim.s this is intended to mean that the 
overall tertiary structure of the part of the polypeptide 
antigen which is extracel lular ly exposed is preserved, since, 

13 as mentioned above, the tertiary structure of the obligate 
intracellular polypeptides do not engage one humeral irnmune 
system. In fact, as part of the vaccination strategy it is 
: f ten desired to avoid exposure to the extracellular 
cojoartnent of putative B-cell epitopes derived fron 

15 intracellular part of the polypeptide antigens; in this way, 
potentially adverse effects caused by cross-reactivity with 
other antigens can be minimized. 

for the purposes of the present invention, it is however 
sufficient if toe variation/modification (be it an insertion, 

2C addition, deletion or substitution; gives rise to a foreign 7- 
oell epitope and at the same time preserves a substantial 
number of the CTL epitopes in the polypeptide antigen (and 
sometimes also a substantial number of B-cell epitopes). 
The following formula describes the constructs generally 

25 covered by the invention: 

(MOD, ) sl i PAG e : ) v , (MOD,) 52 ( PAG C .) , ? - - . - (MOD,) sx ( ?AG ex ) r , x (I ) 

-where PAG^-PAG^. are x CTL and/or B-Celi epitope containing 
subsequences of the relevant polypeptide antigen which 
independently are identical or non-identical and which may 
30 contain or not contain foreign side groups, x is an integer > 
3, nl-nx are x integers > 0 (at least one is > 1), MOD,-MOD x 
are x modifications introduced between the preserved epitopes, 



34 

•s i if no side 
least one is > - 



a (at least one - 
and sl-x are x ^ - sequences) . Thus, the 
groups are introduced in th ^ogenicxty of the 

general functional restraints - ^ ^ permutations 

constructs, the invention a.lows ^ 
S of tne original antiger - ^ ^ at e 
^edifications therein. Thus ^ ^ polypeptide 

analogues obtained by o.issi o effects in vivo or 
anti gen sequence which e.g. intrace llalar and thus 

detailed discussion below. 

. tba ~ the variation and/or 
It 1S further ^■'•"• d lc ,"». »>»» .ppllc.bl.. of the at 

„odification indudes dupUcatxo , ^ ^ of 

least on. B-cell epitope, or o. ^ wU1 

1S ,he eeli-associated P^^.," o£ pre£ e rt ed epitopic 

«• P "" n " d " f ; ecti ,e i»u„e response. HenC th» 
the ptob.bility of an „ ltipl8 presentation* of 

^oodin.ent of the — "~ ide antige n ,i.e. fomula I 
2 „ epitopes dotted tOT t e = ^ ^ ^ ^ _ 

-,+- i PAst one B--exj. f 
wherein at leasu 

positions) . 

s e c by simply 
Tb ,s effect can be achieved * ^cture (PAG)., 
preP arm g fusion polypeptides = the 
25 where ra is an ^« * 2 ope of the polypeptide antigen 
discussed herein m at leas - ^ ^ . f ications introduced 
sequences. It is oreferrec * " B _ Lym phocyte epitope 

includes at least one duplication 

and/or the introduction of_^ten^___ , 

„ t of the invention which also results 

30 *n alternative ^^i jL ^ -Itiple (e.g. at least 2) 

in the preferred P" senta "°" regions of OPGL to the x^une 
copieS of the important epitopic 
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system is the covalent coupling of GPGL, subsequence cr 
variants thereof :c certain molecules. For instance, polymer 
can be used, e.g. carbohydrates such as dextran, cf. e.g. he 
h et ai., 1 994 , Vaccine 12: 1160-1166; Lees A et ai., 1990, J 
5 Immunol. 14 5: 3594-3600, but also mannose ana m.annan are 

useful alternatives. Integral membrane proteins from e.g. E. 
coll and other bacteria are also useful conjugation partners. 
The traditional carrier molecules such as keyhole limpet 
haemosyanm (KLH), tetanus toxoid, diphtheria toxoid, and 
10 bovine serum albumin (3SA> are also preferred and useful 
conjugation partners . 

Maintenance cf the sometimes advantageous substantial fraction 
of B-cell epitopes or even the overall tertiary structure of a 
protein which is subjected to modification as described herein 

15 can be achieved in several ways. One is simply to prepare a 
polyclonal antiserum directed against the polypeptide antigen 
(e.g. an antiserum prepared in a rabbit) ana thereafter use 
this antiserum as a test reagent (e.g. in a competitive EL.I SA) 
against the modified proteins which are produced. Modified 

2C versions (analogues) which react to the same extent with the 
antiserum as does the polypeptide antigen must be regarded as 
having tne same overall tertiary structure as the polypeptide 
anticen whereas analogues exhibiting a limited (but still 
significant and specific) reactivity with such an antiserum 

25 are regarded as having maintained a substantial fraction of 
the original B-cell epitopes. 

Alternatively, a selection of monoclonal antibodies reactive 
with distinct epitopes en the polypeptide antigen can be 
prepared and used as a test panel. This approach has the 
3D advantage of allowing 1} an epitope mapping of the polypeptide 
antigen in question and 2) a tapping of the epitopes which are 
maintained in the analogues prepared. 
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he to resolve the 3 
c a third approach wou-d be to 
Of course, a th.r PP tlde antigen or o. a 

dimensional structure - ^ - and compare 

— iiy act ri:rri^r;s 1 onai ^ - th . 

thiS t0 r6SO 7 T " e-d im en S1 o,al structure can be 

b anal ogues prepared Tnree studies , circula r 

resolved by the aid ot > circu iar 

di chroism has th. advantage of met y reqjires 
Peptide in pure ^ - bw require5 t „. 

10 the provision of crystal » » polypeptld e, in order to 

provision of isotoprc v=nan terclary structure of a 

provrde useful information a.ou he t«t ^^^^ 
qi ven molecule- However, ultimately 

are necessary to oOta^con lusive^ ^ ^ ^ 
15 dichrois. only provrd.s " of secondar v structure 

dimensional structure via 



elements . 



, are tbre e feasible ways of obtaining the 

in essence there are tnr imm une system: 

f - the relevant epitopes _o 
presentation ot the - with polype ptide antigens, 

0 Tr aditional sub-unit --in ed live vacci „e. and 

Ministration of a .enet, possibil ities will be 

nucleic acid vaccination. These 

. Tscussed separately in the following: 

Pol^fitid^_vacc^ti^n 
25 nl . entails administration t the animal rn^stio^of^n 

^nv effective amount or 
immunogenicaliy er st ration of an 

analogue . and, »her. relevant, ^ OM 5econd 

„ f r or1 -ive amount or uic = 

immunologically ef i.ect_ ^ f j^^^^/o^ecoricT- 

anaicgue. pTeTeraVly, the ^ ^a, g pharmaceuticall y 

30 analogue (s) is/are ^^ ^^ and/or vehicle and/or 
and --ologically accep - . ^ ^ 
diluent and/or excipien. 
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When, ef fecrina presentation cf the analogue to an animal's 
immune systeir. bv me ens of administration thereof to the 
animal, the formulation o f the polypeptide follows the 
principles generally acknowledged in the art. 

5 Preparation of vaccines which contain peptide sequences as 

active mo red rents is Generally wsll understood m tne art, as 
exemplified by US Patents 4,601,251; 4,6c-1,90j; 4,599,231; 
4,599,230; 4, 596, 792; and 4,57- ,770, all incarcerated herein 
by reference. Typically, such vaccines are prepared as 

10 inje -tables either as liquid solutions or suspensions; solid 
forms suitable for solution in, or suspension in, liquid prior 
to injection may also be prepared. The preparation may also be 
emulsified. The active immunogenic in greaient is often mixed 
with excioients which are pharmaceutical ly acceptable and 

15 compatible with the active mgreaiert. Suitable excrpiencs 

are, for exsmple, water, saline, dextrose, gl/cerol, ethanol, 
or the like, and combinations thereof. In addition, if 
desired, tne vaccine may contain minor amounts of auxiliary 
substances such as wetting or emulsifying agents, pH buffering 

20 agents, or adjuvants which enhance the effectiveness cf the 
vaccines; cf. the detailed discussion cr adjuvants b e 1 ow . 

Tne vaccines are conventionally administered parent e r a 1 ly , by 
injection, for example, either subcutaneous ly, intradermal ly, 
subdermally or intramuscularly. Additional formulations which 

2 5 are suitable for other modes of administration include 

suppositories and, in some cases, oral, buccal, sublingual, 
intraperitoneal, mt r a vag in al , anal and intracranial 
formulations. For suppositories, traditional binders and 
carriers may include, for example, polyalkalene glycols or 

3 0 triglycerides; such suppositories may be formed from mixtures 

containing the active ingredient in the range of 0.5% to 10%, 
preferably 1-2%. Oral formulations ^nsludQ such normally 
employed excipients as, for example, pharmaceutical grades of 
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search, nagnesiua stearate, — \ 
nannitol, lactose, S ^ rCh ' carbon ate, and the like. 

These compositions take le , ae tortulations or 

„„!.«.. f iU.. CP"" 1 - "' ^ ^edient, 

formulation partner v 

Tito ^he vaccine as neutral 
Th e polyf.P"<- -* ^^".ccUbi. « — a=ld 

10 addition salts (£or«d with lnoiganic a cids such as. 

pept io., and which .» «o™-» * iei4 , r „ 3U =h otcanio 

foI e,a„ P i«, t and the 

acids as acetic, oxanc. ^ nay al ,„ „. derived 

s.«. «or»d with the fr .. crb y sodiu ^ potas3ium , 

15 £ „™ inorganic dases such » , ^ ^ s „ ch org ani = 

a„oniU„, =aici«. « '""^ J hyla „ lne , 2 -eth yl a.ino ethanoi. 
hases as isopropylamme. V 

and the HKe. 



his^idlr.e, procaine 



111. i> ~ -l-^- 1 - - ' ^ 

rimn i stered in a manner 
The vaccines are a*-3 « ^ ^ fae 

20 dosage formulation, and xn su The quantlty to be 

therap eutically effecuve n * « including , 

e . g ., the capacity o. .he ^ prQtectlon desued 

an i^une response, and the d g ^ hupdred 

25 Suitable dosage ranges are o ft with a preferred 

.icrogr-n- active ^edient (£Ven th ough higher amounts 

rang e fro. about 0.1 « - - ^ in 

in the 1-10 mg range are co P _ n the range from 1 
froB abo ut 0.5 ,g to - ^ 

30 ug ro. 501 ug and -peeia.ly . adininistr ation and 
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acmmi s t ra t ion folic wed by subsequent inoculations or other 
a tin 1 , i n i s t r a t i o n s . 

The manner of application nay h^ v=r:ed widely. Any of one 
conventional methods for administration of a vaccine are 
5 applicable. These include oral application on a solid 
physiologically acceptable base or in a physiologically 
aoceocable dispersion, parenteral iy, by injection or the like. 
The dosage of the vaccine will cepend on the route of 
aotmir.iscrat ion and will vary according co tne age of the 
10 Dorson to oe vaccinated and the formulation of the antigen. 

Some of the polypeptides of the vaccine are sufficiently 
immunogenic in a vaccine, but for some of the others the 
immune response will be enhances if the vaccine further 
comprises an adjuvant substance. It is especially preferrec to 
15 use an adjuvant which can be demenscratec to facilitate 
breaking of the auto tolerance t !■ autoant igens . 

Various methods of achieving adjuvant effect for the vaccine 
are Known. General principles and methods are detailed in "Tne 
Theory and Practical Application of Adjuvants", 1995, Duncan 
20 £.3. Scewart-Tuil (ed.;, Jonn Wiley & Sons Ltd, ISBN 0-471- 

9 5 171-6, and also in "Vaccines: New Generations immunological 
Adjivants", 1995, Gregoriacis G et al . (eds.) f Plenum Press, 
New York, ISBN C- 3C 6-4 52 3 3- 9, both of which are hereby 
incorporated by reference herein. 

2 5 Preferred adjuvants facilitate uptake by A PCs , such as 
dendritic cells, of the at least first and/or second 
analogues. Non-1 irr.it ing examples are selectee from tne group 
consisting of an immune targeting adjuvant; an immune 
modulating adjuvant such as a toxin, a cytokine, and a 

30 mycobacterial derivative; an oil formulation; a polymer; a 
micelle forming adjuvant; a saponin; an imm.un o s t imu 1 a t i ng 
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■ v narticle; DDA; aluminium 

— — and . ^ 

w » rn nr^e noted «. 

• aimi ;:;:r «- •«■»" — 1 - £irst :. 

above which relate ^ f also -efer mutatis 



invention . 



3 to 0.1 percent -ol^c - Catbop ol« used a, 0.25 

synthetic poller, c£ suga.s < .g. ^ by 

p ar=ent section aggregation ^ «' " 

heat treat.ent with t =m pe £ ctlvely „d alao 

Iot 30 second tc 2 --"J'" inkln / age „ t5 are poasrole. 
. 5 aggregation hV -™ * ^ ^ peps „ _ted antibodies 

Aggregation by react! blrt ..Ul cells such 

fragments, to coc , P „„ents of 

" C. P.r.u„ or enoo o« 1 UP P ^ ^ aceopt , bl . 

"-" Wt "" I I", "Inrade .ono-oX.." ,.,racel « or 
2C oll yehicie . . h » . o( . pernuorocarbon 

T UO r t". " it tls such a, sguaxene and ^ i. also 

Admixture witn 



preferred. 



nn A fd^methyidioctadecylammonium 
25 „ gt o - — ; / or an ad: _t as is 0- 
bromide, » an ,nte esc, g ^ incomplete 

and v-inulin, but also Freur.d P ^ q ^ 

n a r= auillaia saponins sucn as v 
adjuvants as well as quin j .,. tie , are 

= ^ rIBI Further possibilities 
are interesting as is Rial. mcnti oned C3 and C3d, 

. • j t\ /MPT 1 the above mentionea_jri 

3 0 monophosphoryl_lAP3iL.?- J^Ll-^ 

and muramyl dipeptide (MDP) • 
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Liposome formulations are also known to confer adjuvant 
effects, and therefore liposome adjuvants are preferred 
according :o the invention. 



uC 



Also liTLmunost imulati.nc complex matrix type flSCOM^ matrix) 
5 adjuvants are preferred choices according tc tne invention, 

especially since it nas oeen shown that this type of adjuvants 
are capable of up- regular mg MHC Class II expression by A?Cs . 
An ISCOM® matrix consists cf (optionally fractionated) 
saponins { t r i t e rpeno ids } from QuiLlaja siponarLa, cholesterol, 
10 and ohospho lipid . When admixed witn the immunogenic protein, 
the resulting particulate formulation is what is :<nown as an 
Q IS30M particle where the saponin constitutes 60-73% w/w, tne 

r- cholesterol and phospholipid 11—15% w/v, and the protein 10- 

15% w/w. details relating to composition and use of 
l~ 15 immune st imulat i ng complexes can e.g. be found in the above- 

^ mentioned rext-booKS dealing with adjuvants, but also Morein E 

o^ et al., 1955, Clin. Immunol ne r . 3 : 461-4 75 as well as Barr 1G 

CO a rd M : tchell GE\ 1996, Immunol, and Cell Biol. 74: 8-25 (both 

Ml 

incorporated by reference herein) provide userul instructions 
20 for the preparation of complete immunos t imu 1 a t mg complexes. 
Another highly interesting (and thjs r preferred) possibility 
of achieving adjuvant effect is to employ the technique 
described in Gosselin et al . , 1992 (which is hereby 
incorporated by reference herein). In brief, the presentation 
25 of a relevant antigen such as an antigen of the present 
invention can be enhanced by conjugating the antigen to 
antibodies (or antigen binding antibody fragments) against the 
Fey receptors on monocytes /macroph ages . Especially conjugates 
between antigen and anti-FcyF;I have been demonstrated to 
30 enhance immunogen i z i t y for the purposes of vaccination. 

Other possibilities involve the use of the targeting and 
immune modulating substances (i.a. cytokines) mentioned above 
as candidates for tne first and second moieties in the 
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modified analogues. In .his connection, also synthetic 
inducers of cytokines liice poly I:C are 

sultable abacterial derivatives are selected fro. the group 
consisting of muramyl dipeptide, complete Freund s adjuvant, 
5 RIBI, and a diester of trehalose such as TDM ana 

Suitable iromune targeting adjuvants are selected fro, the 
group consisting of CO40 Ugand and C,0— - 
specifically binding fragments thereof (c. the 
above), mannose, a Fab fragment, and CTLA-4. 

^ ,r-m-c a-e selected from the group 
10 Suitable polymer adn.uv.nts a.e 

„f a carbohydrate such as aex.ran, Pr-o, s.arch, 
consisting of o. carDonyuio i-,^* SU c>- 

„«- a olastic oolymer such as; «*nd lat~x sue. 
nannan, and mannose, a piasci- . y 

as latex beads. 

CTLs. rience, it i=> ~ r 

adjuvants in -.he methods of the invention. 

tha- the vaccine should be administered at 
It is expected tha. the ^ 
least once a year, such as at least x, 2, 3, ., . 

. f ; rpUv 1-12 times per year is 
2 „ t «. e y.r. "" ^"f , 9 , 10 , U. 12 

expected, such as 1, 2, 3, 4, d, 

tiraes a year to an individual in need thereof b 
previously been shown that the memory immun^y i-d-ced y 
I f the preferred autovaccines according to the inve nti 
25 is not permanent, and therefor the immune system needs to 
periodically challenged with the analogues. 

-0^-^^ 

' , of varying strength to the same polypeptide. 

ir™e re -P° nSeS , , the invent ion may comprise 

Therefore, the vaccine according to the 
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several different polypeptides in order to increase the immune 
response, cf . also the discussion absve concerning the choice 
of foreign T-cel] eoitooe introductions. The vaccine u.ay 
comprise two or .-no re polypeptides, where all of the 
5 polypeptides are as defined above . 

Tne vaccine may consequently "oxprise 3 -20 different modified 
or unmodified polypeptides, such as 3-10 different 
ocd yoec 1 1 oes . However, normally the number of peptides will be 
sought <ept to a minimum such a 5 1 or 2 peptides. 

1 0 Live vaccines 

The secono alternative for effecting preservation to the 
immane system is the use of live vaccine technology. In live 
vaccination, presentation to the immune system is effected by 
administering, to the animal, a non -pathogenic microorganism 

15 which has been transformed with a nucleic acid fragment 
encoding the necessary epi topic regions or a complete 1 st 
and/or 2 nd analogue. Alternatively, the microorganism is 
transformed with a vector incorporating such a nucleic acid 
fragment. The non-pa thogeni 2 microorganism can be any suitable 

20 attenuated oacterial strain (attenuated by means ot passaging 
or by means of removal of pathcger.i : expression products by 
recombinant DNA technology), e.g. Mycobacterium bavis BC3 . , 
non-pa tnogen 1 c Streptococcus spp., E . cell, Salmonella spp . , 
Vibrio chcierae, Shigella, etc. Reviews dealing with 

2 5 preoaraticn of state-of-the-art live vaccines can e.g. be 

found in Saliou P, 19 95, Rev. Prat. 45: 1492-1496 and Walker 
PD, 1992, Vaccine 10: 977-990, both incorporated by reference 
herein. For details about the nucleic acid fragments and 
vectors used in s\zch live vaccires, cf. the discussion below. 
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the T epitope and/or the first 
As for the polypeptide vaccxne the . -P ^ . r ^ 

, ^H'nv t-h^rd moieties can, ii- f 
and/or second and,o. _ deriveQ 

f0 . m of fusion partners to the amm 

to! the cell-associated polypeptide ar,igen. 

:r, 0 c= the nucleic acid 
• „ 1 live vaccines, 

5 As an alternative to bact «^ belQW , an be incorporated 

fragment of the invention discussed b ^ 
in a non-virulent viral vaccine vector 
strain . 

may oe nece^t>d^y 
once in a lifetime. 

transformed with nucleic 
Also, the microorganism can be trans ^ ^ ^ 

acid(s) containing regions encoding lati substances 

he form of the immunomoQulatir.g 
15 moieties, e.g. m the ^,, nes discussed as useful 

described above such as . embo diment encompasses 

3dj uvants. A P--- e ;;; r ;:;: h f an alogue and the coding 
having the coding reg.on fo. rent re ading frames or 

re gion for the ^^^^Z ^rs. T-reby it 
20 at least under the control of ^ produ ced as 

ia avoided that the analogue or ep . P two 
fusion partners to the _ odul-to r 
distinct nucleotide fragments can 
agents . 

25 Nu^leic_acidjmcciJiaii^ 

^ ^ neot ide-based 
■ to classic administration of a pep-i 
As an alternative to classi ^^^t^lzlZ-O 

v^cx:^--tix^^^ ¥ -^ jmCl£ ^"„ ic ilrmU nisation", 

known as -nucleic acid ^^^Jn) offers a number of 
-gene immunisation" and «DNA vaccination) 

30 attractive features. 




nucleic acid vaccination does not require resource consuming 
icjr.j'3-5Cil-2 product -on cf :he inrr.cn o g e r. i c a^:nt (e.g. in the 
fern: ol industrial, scale fe rrr.c n t a t i cn cf mi o r oor :ar. 1 sns 
5 nroducing the Hnalogues nece-sary in polypeptide vaccination). 
Furthermore , tnere 15 no nee a to device purification and 
refolding sonerr.es for tne i xmu n og e n . And finally, since 
nucleic scid vaccination relies :n one biochemical apparatus 
of the vaccina tec individual in order to produce the 

10 expression product of the nuclei 0 acid irt reduced, t ne optimum 
post t rans lat ional processing of one expression product is 
expected to 00 cur; on 15 is especially important in tne case of 
aucevaccina tiv:i, since, as raentioned above, a significant 
fraction of the original 3-cell epitopes s.nould ioe preserved 

15 in the analogues derived from ex t race 1 1 u 1 a r 1 y exposed 

polypeptide sequences, and since B-celi epitopes in principle 
can be constituted by parts of any (oic)nc l.ecuie (e.g. 
carbohydrate, lipid, protein etc.). Therefore, native 
g lycos y lac i on ana 1 i pi cat ion patterns of the irtmunogen may 

20 very veil be of importance for the overall irrLmunogen 1 ci t y and 
this is test ens urea by having one host pr causing the 
immune* gen . 

Hence, ar important embodiment o: the met hoc of the invention 
involves that presentation is effected by ir. vivo introducing, 

25 into the A?C, at least one nucleic acid fragment which encodes 
and expresses the at least one CTL epitope and/or the at least 
one B-cell epitope, and the at least one first foreign T h 
epitope ;an alternative encompasses administration of at least 
2 distinct nucleic acid fragments, where one encodes the at 

31 least one CTL epitope and the other encodes the at least one 
foreign 1 H epitope). Preferably, this is cone by using a 
nucleic acid fragment which encodes and expresses tne above - 
discussea first analogue. If the first analogue is equipped 
with the above -de tailed T r epitopes and /or first and/ or second 
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and/or third moieties, these are then present in the form of 
fusion partners to the amino acid sequence derived from the 
cell-associated polypeptide antigen, the fusion construct 
being encoded by the nucleic acid fragment. 

5 As for the traditional vaccination approach, the nucleic acid 
vaccination can be combined with in vivo introduction, into 
th= APC, of at least one nucleic acid fragment encoding and 
expressing the second analogue. The considerations pertaining 
to 1", 2 nd and 3 rt moieties and T H epitopes apply also here. 

10 in this embodiment, the introduced nucleic acid is preferably 
DNA which can be in the form of nated DNA, DNA formulated with 
charged or uncharged lipids, DNA formulated in liposomes, DNA 
included in a viral vector, DNA formulated with a 
transfection-facilitating protein or polypeptide, DNA 
15 formulated with a targeting protein or polypeptide, DNA 

formulated with Calcium precipitating agents, DNA coupled to 
an inert carrier molecule, and DNA formulated with an 
adjuvant. In this context it is noted that practically all 
considerations pertaining to the use of adjuvants in 
20 traditional vaccine formulation apply for the formulation of 
DNA vaccines. Hence, ail disclosures herein which relate to 
use of adjuvants in the context of polypeptide based vaccines 
apply mutatis mutandis to their use in nucleic acid 
vaccination technology. The same holds true for other 
25 considerations relating to formulation and mode and route of 
administration and, hence, also these considerations discussea 
above in connection with a traditional vaccine apply mutatis 
mutandis to their use in nucleic acid vaccination technology. 

j^ r therj n pre J Jh S _jmcle^^ 

30 can contain regions encoding the 1--, 2- and/or 3- moieties, 
e g in the form of the immunomodulating substances described 
above such as the cytokines discussed as useful adjuvants. A 
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p r efcrred vers;cn of 



his enbocim.ent encompasses having the 



cog ino region for the analogue and the coding region for the 
irrirfjj.norr.odul a: or in different readme frar.es or at least under 
one control of different promoters. Thereby is avoided that 
5 the analogue or epitope is produced as a fusion partner to the 
imrmutomc'du later . Al tern at ivel y , two Gist inct nucleotide 
fragments can be used, but this is less preferred because of 
the advantage of ensured co-expression when having boon cooing 
regions included in the same molecule. 

10 Under normal circumstances, tru; nucleic acid of the vaccine is 
introduced in the form of a vector wnerem expression is under 
control of a viral promoter. For more detailed discussions of 
vectors according to the invention, of. the discussion belcw. 
Also, detailed disclosures relating to tne formulation and use 

15 of nucleic acid vaccines are available, cf. Donnelly JJ et al, 
19 57, Ann-. Rev. Immunol. 15: o!7-64S and Donnelly J J et al., 
1?97, Life Sciences 62: 163-177. Both of these references are 
incorporated by reference herein. 

An important part of the invention pertains to a novel method 
20 for selecting an appropriate immunogenic analogue of a cell- 
associated polypeptide antigen which is weakly imm imogeni c cr 
non-imonunogenic in an animal, said immunogenics analogue being 
capable of inducing a CTL response in the animal against cells 
displaying an MHC Class 1 molecule bound zo an epitope derived 
25 from the cell-associated polypeptide antigen. This novel 
met bed comprises the steps of 

a) identifying at least one subsequence of tne amino acid 



30 b) preparing at least one putatively immunogenic analogue of 



the sell-associated polypeptide antigen by introducing, in 
the amino acid sequence of the cell-associated polypeptide 
antigen, at least one 7 H epitope foreign to the animal in a 



sequence cf the ce 1 1-asscc la ted polypeptide antigen which 
does not contain known or predicted CTL epitopes, 
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. . th . n th , at least one subsequence identified in 

position with-n tn- 

stcp a), and fc > which 

Ml .c tl », t««hose ana^ues prep. « - ep ^ 
„ t e verxfiably capable of inouon, . CT„ r 



c) 

5 animal. 



lf ^i nn method involves the 

^»«« ° f • — •£ :: * u — - — 

vaccination purposes, in 

epitope . 

the encoded peptide includes at least 

is derived fro, an antigen which is exposed 

10 When the analogue is derive red that the 

to the -racellular pnase it ^ ^ contain 

subsequence identifi d ^ ^ rhe T „ epitope 

— 6 d r c ;; ' d oes not s Ub ,a ntl an y ane, the pattern 

introduced xn step ) faciU tates the 

15 of cyat eine resi due s . T xs PP ^ ^ 

preservation ot soatia * eplt o P es in the 

construct which are similar to the 

we L, cell-associated polypeptide antigen. 

« it is preferred the subsequence 
For the sa.e reason xt x P ^ ^ Qr 

20 identified m step a) .-r - erna tively , wherein the 

pr edicted ^Vcosylation sites ~ alter 

Th epitope introduced .n s_ep 
the giycosylation pattern. 

v, cell-associated polypeptide antigens 

Certain of the we ; & patnophyslologlC al role. 

25 exert undesired effects y ^ fay the 

It is desired that these effect pref er red that the 

subsequence identified - ^ ^jTassociatea 

—i-tsss^^ ef rirr n^rction la S t eP b , 

30 polypeptide antigen, and that 
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tr.e foreign Th epitope reduces or abolishes said 
pathophysiological effect . 



Another mocrtarit c z n s ider a 1 1 on pertains to the question of 
immur. :>! ig_ca. cross -rea ct ivi ty of th: vac tine's polypeptide 
5 product with other non-pat hoi-: gical self-proteins. Such cross- 
re activity should preferably be avoided a no' hence an important 
enoodment of this method of the invention is one where the 
subsequence identified in step a) is nomoLogcus to an amino 
acid sequence of a different protein antigen of the animal, 
10 and where the introduction of the T H epitope in step b) 
substantially removes the home logy. 



Related to tnis embodiment is an embodiment where any amino 
acid sequences which 1) are not normally exposed to the 
extracellular phase and 2) which may constitute B-cell 
15 epitopes of the weak, eel 1 - assoc i ate 1 polypeptide antigen, are 
not preserved in the analogue. This can be achieved by 
exchanging such amino acid sequences with It epitopes which co 
net constitute 3 -ceil epitopes, by completely removing them, 
or by partly removing them. 



2 0 On the other hand, it is preferred that any "true" B-cell 

epitopes of the weak cell-associated polypeptide antigen are 
preserved to a high degree, and therefore an important 
embodiment of the selection method of the invention involves 
that the introduction in step b) of the foreign T H epitope 

2 5 results in preservation of a substantial fraction of B-cell 
epitopes of the ce 1 1 -a ssociat ed polypeptide antigen. It is 
especially preferred that the analogue preserves the overall 
tertiary structure of the cell-associated polypeptide antigen. 



The preparation in step b) is preferably accomplished by 
3 0 molecular biological means or oy means of solid or liquid 
phase peptide synthesis. Shorter peptides are preferably 



a , the well-known techniques of sol-d- 
prepared by means or ^ advances in 

-, quid-phase peptide syntnes. . - ductio n of full- 

— : 1 h l lens, and therefore 

length polyP eptxdes and prote, V fcQ 

prepare the long construes by 

• ri tl ,ed the useful analogues according to the 
^er having identi -d ^ the 

3bove - dis Tra: g :r ci'ie. ^ »• — ed 

analogue m larger 
0 according to methods well-Known .n 

lar biological means. This 
This can a.so be done ^ mo - ^ ormed cell by 

comprises a first s.ep of pr ? acid sequence encoding 

producing, into a vector, a c ^ ^ ^ ^ 

an -logu. -hie* ^ M wl ,h the vector. The 

15 and transforming a suitab under conditions 

next step is to culture the t ; a ^ 
facilitating the expres-o ' sociated antigen, and 

encoding the analogue of - cuUu re 

subsequently recovering the ana ogue ^ rem ^ - ^ ^ ^ ^ , 

20 supernatant or directly ^ can be prepated by l.rg- 

lysate,. Alternately t synthe sis, cf . above, 

scale solid or liquid phase pep 

„ i-hp cell chosen as a 
nnally, the product can dep. ^ , o ^ ^ ^ 
host cell or the synthesis^ ; t £ These can b e 
25 artificial post-translationa treatment witn enzymes u 
r efolding schemes ^ ^ removal of unde sired fusion 
order to obtain g lycosV^ glyco sylation is a 
partners , chemical modifications ( g nally carrie r 
possibility), and^ugat^e-g-^^ 

pts f^jjh^etho^Ul^^ 
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As discussed above, preferred weak, celi-5^s3:iated 
polypeptide antigens are ;u^our--asso:iatei anagens. A non- 
ii mi ting list of these consiszs of 
prostate-5peci:i: membrane antigen (PSM), Her 2, 
b fibroblast growtn factor, e.g. FGF-9 such as FGF-3A and FGF- 
S'o , huT.an chorionic gonadotropin (hGG), BAGF, beta-actinin, 
Car:in3 Embryonic Antigen (CEA) , Catnepsins, 3G33, GGK-4, E6, 
£7, FGFR, EGP40 ( KSA ) , GAGE , Gast rin-releasing peptide 
(bcmbesin) , 3nTV, GP1, gplOO i me 1 anoma - a s soc i a ted ) , gp75 

10 (melanoma-associated), 1GFR 1 , K3, MAGE such as MAG F 1 and 
MAGF 3 , MART , Matrix Me: a 1 1 op rot ei nases suth as MMP2, MM P 3 , 
MM? 7, and MMP9, aberrantly :lyc3syld:ed Mucin, such as MUC-1, 
MUG -2, MUG - 3 , and MUG- 4, MUM-1, pi 5 (melanoma -associated) , 
PAI-1, PDGF, Plasminogen such as uPA, RAGE , TGF-a, 

15 TR?-l/gp-75, 7RP-2, Tyrosinase, anc ZAG . 



^n the following, 3 specific tumour-associated antigens will 
be discussed in detail. 

Pros tare- spa zif ic membra ne-a sscci a ted antigen, PSM 



in U.S.A., prostate cancer is the second leading cause of 
20 cancer death (app. 40,000 per year), and 2 30,000 patients per 
year are diagnosed (Boring 1993) . Approximately 1 out of 11 
men eventually will develop prostatic cancer. Furthermore, 
approximately 40-60% cf prostate cancer patients eventually 
develop extraprc static extension of the disease (Babaian 
25 1994) . The main strategy in the present invention is to use a 
therapeutic vaccine as a supplementary therapy to 
prostatectomy in order to eliminate residual tumour tissue and 
metastases . 



Several pathologic conditions are located to the prostate 
3C gland, including benign growth (3PH) , infection (prostatitis) 
and neoplasia (prostatic cancer) . 



!5 



^ of prostatic cancer is variable 
The biological aggressiveness of prosta 

• +-C -hP de-ected tumour remains a latent 

: „ so.e patients ^ - uy sig „ l£lcant . ! 

histologic tumour and never o mo . , tasises 

„^,vQ = if»«? -"-acidly, raetasi.a5iac = 

and kills the patient in a relatively 



years) . 



m ~ Pti„,iv -7-;;:;;:;;;i; i : a ;r P : e :: 1 „ g o£ 

PrOS "" ot cuied by local surgery. Patients with no„- 

10 patients are ■« cured by ablaticn 

confined disease « ' KOJt , ti e cancer has 

b eca,e standard therapy for metastatic disease. 

sho.ld theoretically no 

malignant prostate t-t, tissue o ^ ^ ^ 

20 from the tumour . In other words, in these p 

.ntioen By inducing a strong CTL 

it is expected that residual tumour tissue can 



PSM, 

eliminated 



mll ^-' on 0 f PSM expression is seen 
25 interestingly, upregulat.on o_ prosta te cancer 

Allowing androgen-deprivation therapy or P«- 

,„ -„Ht- 1996} This would make a PSM-targe.ea 
patients (Wright 1.9 • ^ ^ traditio „ al andro g e „- 

treatment very well-suiteo 



deprivation therapy. 



, f . , iq o 7 as a result of generating a 
30 PSM „as first -""fie ^ - " „ed against an isolated 
monoclonal antibody, 7E11 , 
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prcsra:ic cancer cell, LNGa? [Horoszewc:: ISS" 7 ^. The antiooay 
recognised both normal end malignant pre: sea tic epithelium, and 
was used in 1993 tc purify ana rr.icrocequence the ?SM protein 
and eventually clone the gene (Israeli 1993). 

5 ?3>' is a typo- II transmembrane glycoprotein wicn a nclecular 
w eight of 34 k D as oredicted from the nucleic a 3 i a sequence 
whereas the glycosylated version nas an observe i rrolecular 
weight of 1 0 0 kj (Israeli 1993). Sequencing of the gene 
encoding ?SM revealed a putative membrane spanning region in 

10 connection with three eytosolic a re; m me anchor residues. The 
extracellular part ol PSM constitute 70" of tne total 750 
amino at ids of the protein, whereas tne cytoplasmic domain is 
predicted to be 19 amino acids long (Israeli 1993). PSM- 
specifie mRNA has been detected in prostate tumour tissue 

15 (Israeli 1994), indicating that tne tumour antigen is not an 
aberrantly glycosylated protein which is tne case with e.g. 
tne To- or sTn -tumour antigens. 

The full length PSK cDNA has been transfected into and 
expressed in a PSM negative human prostate cancer cell line, 

2 0 ?3-3 'Kaon 1994). Furthermore, the full length (2.65 

kilobases) coNA has been transcribed ana translated in vitro 
( Kahn 1 994 J . 

It has recently been demonstrated that PSM possesses 
hydrtlytic activity resembling that of the N-acetylated or- 
25 lir.ited acidic dipeptidase (NAALADase) . NAALADase is a 
rr.enbrane-bound hydrolase of the nervous system, which 
cat a bo Uses the neuropeptide N-acety laspartyl glut ana te (NAAG) 
in order to affect the glut amaterg ic signalling processes. It 
has been shown that PSM possess NAAG-hydrolysmg activity and 

3 0 that this activity can be inhibited by the NAALADase 

inhibitors quisgualic acid ana p-NAAG (Carter 1996). It is 



54 

still not known whether this activity of PSM has any relevant 
biological function. 

It is of significant importance to predict whether undesired 
cross-reactivity with ether proteins accessible for antibodies 
5 would be expected following treatment with an autovaccine 

inducing FSM-specific autoantibodies. It has been shown that a 
part of the coding region of the PSM gene (amino acids 
positions 418-567) has 54% homology to the human transferrin 
receptor (Israeli 1993) . Also, sequence homology with the 

10 NAALADase enzyme has been found. A 1428 bp partial cDNA from a 
rat brain library isolated using a rat ant i -NAALADase 
antiserum showed 86% sequence identity with 1428 bases of the 
human PSM cDNA (Carter 1996) . However, no identification of a 
functionally relevant similarity with other known peptidases 

15 could be made. 

The homology to the transferrin receptor is very low and will 
preferably be disrupted in some of the inventive constructs. 
The observed partial homology with a rat brain protein as an 
obstacle for a PSM-vaccine, partly because of the inability of 
20 antibodies to penetrate the blood-brain barrier. Altogether, 
even with the most PSM-like construct, it is not expected to 
experience cross-reactivity with other proteins in the 
patients . 

From earlier studies it is clear that PSM is expressed on all 
25 prostate cancer cells and prostate originating metastases 

tested. All ether cancers tested, such as carcinomas, sarcomas 
and melanomas of different tissues as well as a large panel of 
non-prostatic human cancer cell lines have proven PSM 
negative . 

30 In addition to this, a very large number of other tissues have 
been found to be PSM negative. These include colon, breast, 
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lunc, jvary, liver, urinary bladder, seminal vesicles, testis, 
uterus, bronchus, spleen, pancreas, tongue, esophagus, 
s tenia en, thyroid, pa rat hy rc id , adrenal, lymph node, aorta, 
vena cava, skin, mammary eland and placenta. 



5 Altncuch VSK is predominantly fc 
molecule on prostate tissue smu. 
de tec ted in the sera of ncrmal : 
itve Is in prostate cancer catie: 
Tee level of circulating PSM in 
10 allows a serological monitoring 
v = c c i n e . 



j end as a membrane bound 
Li amounts of PSM can also be 
individuals and in elevated 
Ms (Rocnon 1994, Murpny 1995). 
those patients therefore 
of the effectiveness of a PSM 



In conclusion, based on the entire amount of data available to 
date, ?SM is a true prostate-specific antigen. Tnis means that 
in patients who have undergone prostatectomy, PSM is a tumour 
15 specific se 1 f -ant icen . An effective PSM vaccine is therefore 
likely to target only prostatic cr prostate-originating 
metastatic tissue. 

As will be clear from Example 1 tne met nod cf the invention is 
preferably entails that fi reign T,-cell epitope is introduced 

2C in a part of the P5K amino acid sequence defined by SEQ ID NO: 
2 positions 16-52 and/cr 37-103 and/or 210-23C ana/or 269-289 
ano/or 293-324 and/or 442-465 ano/or 485-514 and/or 596-63C 
and/or 643-662 and/or 672-699. Furthermore, a modified PSM 
molecule which has a foreign T\, -epitope introduced in these 

2 5 positiins is also a part cf tne invention. 

Accordingly, the invention also certains to an analogue cf 
human PSM which is immunogenic in humans, said analogue 
comprising a substantial part of all known and predicted CTL 
ane B-celi epitopes of PSM and including at least one foreign 
30 T\ epitope as discus se^d herein. Preferred PSM analogues are 

those wherein the at least one foreign C H epitope is present as 
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^v, wh-rein a foreign T K -cell 
„, t Dre f e rred analogues are those wh-rein 

most pre.err m ^.^ acid sequence 

5 epitope is introduced _n a part o 

defined by SEQ ID KO: 2 positrons ,6-52 and/or 

210-230 and/or 269-289 and/or 298 3,4 and/ 

488-514 and/or 598-630- and/or 643-662 and/or 672-699. 

Human Chorionic Gonadotropin (HCG) 

:™ ^ --«.- « — r 

mar ;<er, hu^an chorionic gonadotropin oeta (hCG, , , i 
consistently detected on cancer cells of raany d^erent 
consisten y eXDre ssion of this protexn 

15 histological origins, and that exor 

•<->, increased metastatic properties. A 
of ten correlates wxth increased 

-™ =".=: - «~ 

the of - P»»«' '""" S post-surgery. 

20 » u „ a „ c h o„ oni = -" d r n i ;::; 1 r cl i. f ! :i:: y 1 ,: I l „, ™ 

nlvcocrotein hormones, including fcllicie 

glycoproteii d luteinizing 

(FSH), thyroid-stimulating hormone ^['^^ nf 

a. 



« this family =f hormones are heterodimers, -hrch s..a-e 

I , " . e ,-<*.!« is u„l, M « «=h ™ .nd proves 
t^cUicity, -it, «. »-<*.!■> m h „ fe 

«i ~ — " r;T,""n t "a>« 

ap P are„t moiec^^h-fh™^ 
- 3 T "third is" =on»Tbuted by carbohydrate. The po 

carbohydrate. Abundant sialic aciQ resid 
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cr.ese give the protein a large negative charge. The crystal 
structure of hCG-hclc has been solved ;iapthorn e: al. t 1994). 

Based or: the crystal structure it was found tnat hCG exhibits 
homology to a family cf growth factors, in eluding PDGF and 
5 T3r(? fLapthcrn et al., 1994). This suggests that nZG 
expression may help regulating cancer cell growth. 

Han. an chorionic gonadotropin is a glycoprotein hormone, which 
is pre ju:ed by the placental syncyt lot rcphoblast s soon after 
concert i ::n , and it is essential for successful gestation in 
1 0 t h e p r e g n a n t woma n . 

The pathophysiological role of embryonic markers for the 
development or ma intenan ce of a cancer mass is not known. 
However, it is of interest to note chat trophoblasts (where 
these proteins are normally produced! have both angiogenic and 

15 Invasive characteristics, both of which are also necessary 
properties for a cancer cell. Further, it has been suggested 
tnat hCG (or its subunits) can inhibit maternal cellular 
immune responses to fetal tissue. For exarr.plc, studies have 
shown that hCG directly suppresses T cell responses ( Jacoby et 

20 a.l. r 198^; and it has been proposed that because the lymph 
nodes draining (in this case) a primary melanoma tumour, are 
irrmunosuppre s sed , a more favourable environment for metastatic 
tumours to establish themselves may result. As a consequence/ 
expression of hCGfS may help cancer ceils spread into the 

2 5 secondary lymphoid organs. Finally, as mentioned above, 

structural homology between hCG and a number of growth factors 
nave been demonstrated. Another possibility is therefore that 
secretion of hCG by cancer ceils may give the tumour a growth 
advantage . 

30 

Expression of hCGp has been shown in many different types of 
cancer, for example: a) Prcstate adenocarcinoma: positivity 
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for hCG P on tissue sections were seen for patients with poor 
orognosis, irrespective of the histological grade of the 
'tumour (Sheaff et al., 1996), b) different kinds of lung 
carcinomas; squamous cell (SQCC), adenocarcinoma (AC), and 
5 large ceil (LCC) , all showed a high percentage of reactivity 
for hCG(J (Boucher et al. 1995), c) pancreatic adenocarcinoma 
(Syrigos et al., 1998), d) neuroblastomas, brain cancers, 

=1 1997), e) malignant melanoma 
retinoblastomas (Acevedo et al., ' ' 

(Doi et al., 1996), f) bladder carcinomas (Lazar et al., 
10 1995) A recent paper describes a DNA approach, in which mice 
were immunized with a hCG P expression construct (Geissler et 

• „ ...Joi i-ihihit^on of tumour growth 
al 1997) In this in vivo mode: inniDit^n 

was's-onaly associated with CTL-activity, however high titers 
of antibodies (which neutralized the biological effect of 
15 intact hCG on its cellular receptor) were also detected. 

The use of hCG as an immunogen has been described in several 
papers, focussing or. its use as a contraceptive vaccine 
(Talwar et al., 1976 and Talwar et al., 1994). A very high 
degree of efficacy and safety has been observed in an anti- 

, • ■ i i-r-ial usira a vaccine against hCG-nolo 
20 fertility clinical trial, using 

(Talwar et al., 1994). Phase I clinical trials of cancer 
patients with a vaccine against a synthetic carboxy-terminal 
peptide of hCGP conjugated to diphteria toxoid have also been 
conducted (Triozzi et al., 1994) and phase II trials are 
25 underway. Despite the fact that the idea to use h.CG3 as a 
cancer vaccine target has been around for some time, it has 
not been explored in conjunction with the AutoVac technology. 

It is known that cells from non-embryonic tissue, or benign 
neoplasms, do not express hCG P . Therefore, there should be no 
30 potential Side ef f ects _from™ccin^o^ 
"^^apart "f ronTThTef f ects on pregnancy). Because it is expressed 
by 30 many different kinos of cancers this molecule has been 
proposed to be the "definitive cancer biomarker" (Acevedo et 
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al., 1993 and Regelson W., 19 3 5; and as such would be ar. 
attractive target to go after. 

Suitable animal models for Further studies of the efficacy cf 
a hCG basea vaccine can be found m Aceveco et al., Cancer 
5 Det. and Prev. Suppi. (1987) 1 : 477-48 6, and in Keller, et al., 
Can:er Immunol . immun . T her . (19 32) 13: 2-4. 

Her -2 

The tyrosine Kinase receptors Her-2 and hlGFr are believed to 
play a crucial role in the malignant transformation of normal 

10 cells and in the continued growth of cancer ceils. 

Overexpression is usually linked to a very poor prognosis. 
During the past few years there nas been many reports 
concerning the use of antibodies against these receptors as 
therapy for cancers that overexpress either cr both of these 

15 receptors. Genentech inc. has finished several successful 

clinical trials on breast cancer patients using a monoclonal 
antibody against Her-2 and has recently obtained an FDA 
approval for the marketing of tne anti-Hsr-2 monoclonal 
antibody preparation, He r cept i nE) . 

20 The autovacinat ion technology disclosed herein as applied on 
the Her-2 molecule would elicit polyclonal antibodies that 
would predominantly react with Her-2. Suth antibodies are 
expected to attack and eliminate tumour cells as well as 
prevent metastatic cells from developing into metastases. The 

25 effector mechanism of this anti-tumour effect would be 
mediated via complement and antibody dependent cellular 
cytotoxicity. 

Dependent on the choice of constructs, the induced 
autoantibodies could also inhibit cancer cell growth through 
3 0 inhibition of growth factor dependent oi i go-dime r i sa t ion and 
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inte-nalisation of the receptors. And, most importantly, the 
He -2 analogues are expected to be able to induce CTx. 
responses directed against known and/or predicted Her-2 
epitopes displayed by the tumour cells 

5 Her-2 xs a member of the epidermal growth factor receptor 

family (c-erbB) which consists of four different receptors to 
date: c -erbB-l (EG? r ) , c-erbB-2 (Her-2, c-Neu) , c-erbB-3 and 
c -erbB-4 iSalomon et al, 1995). C-erbB-3 and c-erbB-4 are less 
well characterised than EGFr and Her-2. Her-2 is an integral 
10 glycoprotein. The mature protein has a molecular weighty .85 

n j: +. r ii at- rlos^lv resembles the ^GFr 

kD with structural features rhat cxos-xy 

receptor (Prigent et al, 1992). EGFr is also an integral 
membrane receptor consistxng of one subunxt. It has an 
apparent molecular weight of 170 kD and consists of a surface 
15 ixgand-bindxng domaxn of 621 amino acids, a sxngle hydrophobic 
transmembrane domaxn of 23 amino acxds. and a highly conserved 
cytopiasmxc tyrosine kinase domain of 542 amino acids. The 
protein is N-glycosylated (Prigent et al, 1994). 

A il proteins xn this family are tyrosine kinases. Interaction 
20 with the ligand leads to receptor dimerisation, whxch 

increases the catalytxc action of the tyrosine kinase ^ 

(Bernard. 1995, Chantry 1995). The proteins within the famxxy 
are able to homo- and heterodimerise which xs important for 
thei^ activity. The EGFr conveys growth promoting effects and 
25 stxmulates uptake of glucose and amino acids by cells (Prxgent 
et ai 1992). Her-2 also conveys growth promoting signals. Only 
EGFr binds EGF and TGF-alpha. These ligands do not bind to the 
other receptors in the family (Prigent et al-, 1992). The 
iigands for Her-2 are not fully determined. However, heregulxn 
_^ has beer, sho^-Ja^LnAicaj^^ 

" This does not appear to be due to a direct binding to the 
receptor but it is believed that heregulin is a ligand for 



« tE Bictech/AutoVaCTL W 1 - Appi #01 / PK/ 1 998 - 10- 



• 



61 

erbB-3 and erbE-4 which then activates Her-2 by oligo- 
d me r:sa:.ion {Sol ow on et a 1 19 95 ) . 

The home logy between the proteins cf EGF receptor family xs 
most prcnounced in the tyrosine <inase domain at the 
5 cytoplasmic part of tne molecules {82 h between EGFr and Her- 
2 1 . The homology is less in tne extracellular part - from- 41% 
to 4 6% in different domains (Prijant et al, 1992) . 



The epidermal growth factor receptor is expressed on normal 
tissues in low amounts, but it is :? ve rexp re s sed in many types 

10 of cancers. 23 Tr is overexp res se i in oreast cancers (£7arp et 
al, 1 993, Eppenberger 1994), gliomas (Schlegel et al, 1994), 
gastric cancer {Tkunaga ct al, 1995), cutaneous squamous 
carcinoma [Fujii 1995), ovarian cancer [van Dam et al, 1994) 
and others. Her-2 is also expressed on few normal human 

15 tissues in lew amount, mcst characteristically on secretory 
epithelia. Over expression cf Her-2 occurs in about 30% of 
breast, gastric, pancreatic, bladder and ovarian cancers. 

The expression of these receptors varies depending on the 
degree cf differentiation of the tumours and tne cancer type, 

20 e.g., in breast cancer, primary tumours overexpress both 
receptors; whereas in gastric cancer, the o ve rexp re s s ion 
dc curs at a later stage in metastatic tumours [Salomon et al, 
1995} . The number of overexpr e s s ed receptors on carcinoma 
ceils is greater than 10 s /cell for several head and neck 

2 5 cancers, vulva, breast and ovarian cancer lines isolated from 
patients [Dean et al, 1994). 



There are several reasons why the EGFr farr.il y of receptors 
const itute - suitable targets for tumour- i mmuno therapy . First, 
they are overexpr es sed in many types of cancers, which should 
3 0 direct the immune response towards the tumour. Second, the 
tumours often express or overexpress the iigands for this 
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farr .ly of receptors and some are hypersensitive to the 
proliferative effects mediated by the ligands. Third, patients 
with tumours that overexpress growth factor receptors often 
have a poor prognosis. The overexpression has been closely 
5 linked with poor prognosis especially in breast cancer, lung 
cancer and bladder cancer (2) and is apparently associated 
with invasive/metastatic phenotypes, which are rather 
insensitive to conventional therapies (Eccles et al, 1994). 

Overexpression of Her-2 is in some cases a result of 
10 amplification of the gene and in other cases increased 

transcription and translation. The overexpression of Her-2 is 
associated with poor prognosis in breast, ovarian cancers, 
gastric cancer, bladder cancer and possibly in non-small cell 
lung cancers {Solomon et al, 1995) . 

15 Phase 1 clinical trials have been performed with a bispecific 
antibody in patients with advanced breast and ovarian cancer. 
The antibody was bispecific against Her-2 and FcyRl (Reiner et 
al 1995). Efficient lysis of Her-2 over expressing tumour 
cells was observed with a bispecific antibody against Her-2 

20 and CD3 {Zhu et al, 1995). 

Treatment of scid mice xenografted with human gastric cancer 
with an anti-H.er-2 monoclonal antibody prolonged the survival 
of the mice (OhmsKi et al, 1995). The anti-tumour activities 
of monoclonal antibodies against Her-2, in vitro and in vivo 
25 <s not due to an identical mechanism; they may act as partial 
ligand agonists, alter Her-2 receptor turnover and 
phosphorylation or may affect dimerization ( Lupu et al, 1995). 

Similarly , -it-ba-s-B&eft-5«uw^ 

interfere with growth factor interactions. (Easelga et al, 
30 1994, Modjahedi et al, 1993a, Wu et al, 1995, Mod^ahedi et al, 
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lr93b, T:si e: al, 1995, Zean et al, 1994, Bier et al, 1955, 



Hence, an important e^cdi^er.i of -he methods cf :he invention 
i ? or.e wherein the foreign T-cell epitope is ir.:roc,JCec in a 
5 purr, of the Her -2 ami n 3 acid sequence defined by SEQ L J NO: 4 
positions 61-7 5 and /or 105-119 and /'or 151-165 and /or 212-126 
and/or 252-265 and/or 327-341 and/dr 371-335) and/or 467-481 
and/or 531-595 and/or 72-86 and/or 146-160 and/or 221-235 
a r.d / o r 2 5 7-27 1 a nd / o r 3 8 7 - 4 0 1 , cf . t h e Sxarr.pl e s . 

10 Accordingly, the invention also relates to an analogue of 
human Her 2 whicn is immunogenic in humans, said analogue 
comprising a substantial part of all known and predicted CTL 
and 5 -cell epitopes of Her 2 and including at least or.e foreign 
T\- epitope as discussed herein. It is preferred that the at 

15 least one foreign T H epitope is present as an insertion in the 
Her 2 air.mo acid sequence or as a substitution of part of the 
Her2 amine acid sequence or as the result of deletion of part 
of tne Her 2 amino acid sequence. Most preferred analogues are 
those defined above, i.e. those wherein the foreign T-oell 

20 epitope is introduced m a part of the Her-2 amino acid 

sequence oefined by SEQ ID NO: 4 positions 61-75 and/or 105- 
119 and/or 151-165 and/cr 212-226 snd/c: 252-266 and/or 327- 
341 and/or 271-385) and/or 467-431 and/or 581-595 and/or 72-86 
and/or 146-160 and/or 221-235 and/or 257-271 and/or 337-401. 

2 5 F3FHb 

It has been shown by several investigators that FGFch can 
induce p rol i f era t ion , transformation, differentiation and in 
some cases greatly increase the z umorigenici ty .of mammalian 
cells and tissues (Tanaka 1992, Kouhara 1994, Lorenzi 199o, 
30 MacArthur 1995a, Crossley 1996a, 1996b, Ghosh 1996, Ohuchi 
1997a, Rudra-Ganguly 1998). These effects are primarily 
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mediated through the binding of FGF8b to members of the 
fibroblast growth factor receptors FGFR2, FGFR3 , and FGFR4 
(MacArthur 1995b, Blunt 1997, Tanaka 1998! . Thus, ceils 
expressing one of these receptors and FGF8b will provide an 
autocrine growth-signall ing cascade for themselves. We 
therefore believe that an autovaccine against FGFSb will be a 
very efficient means of treating FGF8-exprrssing cancer types. 



Prostate cancer 

The biological aggressiveness of prostatic cancer is variable. 
10 in some patients the detected tumor remains a latent 

histologic tumor and never becomes clinically significant. In 
othor patients, the tumor progresses rapidly, metastasizes, 
and kills the patient in a relatively short time (2-5 years) . 

For the purpose of diagnosis, and to follow the response to 
15 theraoy of prostate cancer, determination of the circulating 
ieve^s of two oroteins has primarily been used: prostatic acia 
phosphatase < PAP) and prostate specific antigen ( PSA) (Nguyen 
1990, Henttu 1989). Due to disrupture of the normal 
architecture of the prostate gland in response to cancer 
20 development, these soluble proteins are released into the 
circulation where they can be detected as markers for e.g. 
metastatic spread. 

The current primary treatment of prostate cancer is 
prostatectomy. However, due to the extensive spreading of 
25 prostate cancer cells the majority of prostatic cancer 
patients are not cured by local surgery. Patients with 
non-confined disease receive systemic androgen ablation 
therapy-, bu4:^^^ua^^ea i h^at^.c^r^atA^nc fi r_.has . 
not declined at all over the 50 years since androgen ablation 
30 became standard therapy for metastatic disease. 
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ET-PCR analysis has shown that FGF3 mRNA is produced by the 
nunan prostatic epithelial tumor ceil linos LNCaP, PC-3, 
ALVA- 21, and DU145 respectively, with FG F 8 b being the nest 
prominent isoform (Tanaka 1995, C-hcsh 1396). The growth cf the 
5 androgen-responsive LNCa? cells are stimulated by addition cf 
recombinant FGFSb (Tanaka 1995), while 03145 cells could be 
growth inhibited by transfection with vira expressing 
anti-sense FGF8b ( Rudra-Ganguly 1998). This, together with 
evidence from developmental studies discussed below, indicate 
10 a role for FGFSb in maintaining the cancerous state of these 
cell lines. 

Using FGF8a cDNA for in situ hybridization experiments, Leung 
and co-workers have shown that a high proportion (71% (n=31)) 
of prostatic cancers produce FGF8 rr.FNA, and that the amount of 

15 FGF8 mRNA correlate with the severeness of the tumors (P<0.05) 
(Leung 1996) . Immunohistochemical analysis a monoclonal 
antibody against FGF8, has detected the protein in 93% (r.= 4 3) 
of human prostate cancers (Tanaka 1998). Normal prostatic 
tissue cr benign prostatic hyperplasia dees not produce FGF8 

20 mRNA, or contain FGF8 protein (Leung 1996, Yoshimura 1996, 
Ghosh 1996, Tanaka 1998) . 

These results indicate that an autovaccine against FGFSb would 
oe reactive against prostatic tumor tissue ana thus, extremely 
valuable in the treatment of prostatic cancer. 



Breast: cancer 



The current treatment of breast cancer is surgery. However, 
due to the extensive spreading of breast cancer cells a large 
part of breast can:er patients' are not cured" by local surgery. 
Patients with non-confined disease eventually receive androgen 
30 ablation therapy, Pelotherapy, and or radiation therapy. The 
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i_ ^pnrpr 's, however, still 
annual death rate from breast cancer _s, 

relatively high. 

■ ■ ,„ isolated from a mouse mammary carcinoma 
re?8 „as orrc.n 11 o at ^ ^ ^ 

oe ll-li„e ,SC-3, f =m ^ ^ pcotel „ 

5 by addinc, ' „ tlon o£ the se as well as 

is also known to , u e th P ^ ^ ^ ^ ^ 

ot _ U.. - c. 1 - * brMst „„„ cell Unes 

be present m eight (n > SK-BR-HI. PHC-42, 

(MDA-MB-231. MDS-MB-415, ZR 75-.. 
„ HBL-100 and HCF-7. .Tanaka 1995, Payson 1996, 



1998) 



• - <- 0 h with mouse mammary tumor virus 
W„t-1 transgenic mice intected with ™ . s activated 

(MMTV) develop — ry tumors. FGF8 transcr p 
in 50% of these tumors (MacArthur 1995c, Kapoun 1997). 

■r,rr the FGF8b cDNA under control 
" Transgenic mice that ^^^mor _ s (MMTV) 

^rin^ « — i..:r b e * p " ssin9 

«= rroombes, personal commumcat_on) . 
mammary tumors (Coomoes, 

r data strongly indicates that FGF8b expression is 
Very recent data strong * 1998) . Tanaka and 

20 related to breast cancer (Tanaka 19 , 

,. H?pd a new monoclonal FGr8 antiouuy 
—workers utUue d ^ jrQf8 was present 

inmunohistocnemxcal stud.es. y androgen receptors 

in 67% (n=12> of breast cancers and ^ a 

q q o. of b-east diseases (Tanaxa 
were present in 89. of b.ea elevated 
=.ni-itative ^T-PCR method it was snown 
25 Seml " qUa ; F F8 "rNA were found in malignant compared to 

le vels of h 1st tissues significantly more malignant 

non-malignant breast tissues y ^^ m± f±ttt±r**&* i * ' 

.issues ar-e-iTxlTr-e^^ 

levels (p-0.031) (68 breast cancer s an 24 g 
30 breast tissues) (Marsh 1998). This is m contra 
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where FSFBb mRNA. was found in only one of nine breast cancers 



(Wu 19 9^) . 



Although it has nor ye- beer, estaf. ished that FGFSb functions 
as an autocrine growth factor, these findings in our opinion 
5 suggest tnat an autovaccme against FC-F3o would be reactive 
against a large percentage of breast ana ctostate cancers. The 
data presented cy Marsh, and Tanaka indicate that an 
autovaccme against FGFSb could be used for treatment of both 
breast and prostate cancer. A significant proportion of these 
13 cancers could, in agreement with the general opinion, be 

dependent of FGFSb in maintaining the cancerous state of tne 
cells. 

Description of FGF8b 

FGF3 belongs to the family of fibroblast growth factors 
15 ( FGFs ; . These growth regulatory proteins are small -2C0 amine 
acid residue proteins that all are involved in the induction 
of proliferation and differentiation cf a wide range of cells. 
For a recent review of the involvement of tne fibroblast 
growth factors in vertebrate limb development, see Johnson 
20 1997. The FGF family members are evolutionary related and 
share 20-50% amino acid sequence identity. 

FGF 3b is a splice variant cf FGF3 , originally termed androgen 
induced growth factor (AIGF) . A IGF was first identified as a 
protein secreted by a murine mammary carcinoma derived ceil 

25 line [3C-3) upon stimulation with androgen (Nonomura 1990) . 
The murine FGF8 gene contains 6 exons, potentially coding for 
eicht different FGF8 -i so forms (FGF3a-h), differing only in the 
" N-termmal part of the molecules JCrossley 1995," MacArthur 
1995b). Human FGFS has the same gene structure as the murine 

30 gene. However, due to a stop corion in exen 13, human FGFS can 
possibly exist in four different isoforms namely FGF8a , FGFSb, 
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. GF 8e, and FGF8 f (Gemel 1996). The gene structures and the 
amino acrd sequences of the four human xsoforms are 
illustrated in Fig. 5. 

Mature FGF8b contains 193 amino acid residues, and has a 
5 calculated molecular wexght of 22.5kDa. The highly basic 

protein contains 21 arginine and 14 lysine residues resulting 
in a calculated isoelectric point of 10.84, and a calculated 
positive charge of 19,8 at pH 7.0. It contains two cysteine 
residues, and has two potential N-glycosylation sites. Due to 
10 the nature of the investigations oerformed involving FGFSb 
very little is known about the FGFBb protein moiety. It has, 
however, been expressed heterologously from bacteria, purified 
by the use of a C-terminal hexa-Histidine tag, and in vitro 
refolded to a soluble and biologically active state (MacArthur 
15 1995a, Blunt 1997) . 

Biological activity of FGFSb 

As mentioned earlier, FGFBb was first isolated as a factor 
that was released from a mouse mammary tumour eel- une, and 
it has been shown that this protein can induce the 

20 proliferation of these cells. The morphological changes mimic 
those induced by testosterone, which is also know to induce 
the synthesis of FGFSb mRNA (Tanaka 1992). The proliferation 
can be inhibited by FGFSb antisense oligos (Nonomura 1990, 
Taraka 1992, Yamanishi 1994). Indeed, a human prostate cancer 

25 cell line DU145 could be growth inhibited by transfectron with 
vira expressing anti-sense FGFSb (Rudra-Ganguly 1998). 

FGF8b has by several investigators been shown very efficient _ 

- — — = - ■ ■ : i — r~— nz^n'R :a ra \ Q 9~4 f 



in inducing the transformation of NIH3T3 cells (Kouhara 
Lorenzi 1995, MacArthur 1995a). By using recombinant^ 
30 exoressed proteins, it was shown that this induction of 

morpnological changes is far more efficient with FGFSb than 
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when using FGFSa or FGF8c (MacArtnur 1995a, Ghosh 1996). 
Recently, it was shown that the ^terminal half of the FGF9b 
molecule is sufficient for transformation of NIH3T3 cells, and 
tnat even tne small FGFSb specific peptide ( QVT V :<S S ?N FT ;. could 
5 enable the cells to grew 2-3 times longer than normal in C.1% 
serum ( Rudr a -Gangui y 1993). Interestingly, NIH3T3 cells stably 
rransfectea with an expression vector encoding FGFSb is very 
tumongenic when injected intraocuiarly into nude mice 
(Kouhara 1994, Ghosh 1996). 

10 in vivo, FGFSb is known t: be expressed at certain stages of 
development in vertebrates. A summary of the biological roles 
assigned to FGF8 b is shown in the following table. An 
excellent review of various models for vertebrate iinb 
development is given by Johnson 1997. 

15 Table: Various sites/tissues known to produce FGFS , and the 
proposed biological role(s) . 



20 



25 



Arti on/me chan ism/presence (species) 


References 


Present in the developing limb buds (mouse) 


Hei kmhe imo 
1994, Ohuchi 
19 94 


Limb bud outgrowth (chicken) 


Kuwana 1997, Xu 
19 9 8 


Induction of ectopic limb formation from 
me s ode rm (chic ken ) 


Crossley 199 6b 


Induction of midbrain formation from the 
caudal diencephalon (chicken) 


Crossley 1996a 


Initiation of wing outgrowth in a wingless 
mutant (chicken) 


Ohuchi 1997a 


Role in dorsoventral patterning of the 
qastrula (zebrafish) 


Furthauer 1997 
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5 



Reauired curing gastrulation, cardiac, 
craniofacial, forebrain, midbrain and 
cerebellar development (tissue specific 
knockout mice) 


Meyers 1998 


Role in tooth morphogenesis (mouse) 


Kettunen 1998 



It is believed that FGF8b mediates its action through binding 
to the fibroblast growth factor receptors (FGFR's). 
Specifically FGF8b is known to be able to activate FGFR2c, 
FG FR3c , FGFR4 c , and to some extent also FGFRlc , but not 
10 FGFRlb, -2b or -3b (MacArthur 1995b, Blunt 1997). In case of 
the induction of outgrowth of ectopic chicken limbs, it is 
strongly suggested that FGF10 , FGFR2 r and FGF8 are interacting 
and that this is sufficient for outgrowth (Kuwana 1997, Xu 
1998). These receptor-data are supporting the hypothesis that 

15 FGFSb acts in an auto- and paracrine manner, leading to the 
normal outgrowth and patterning of several anatomical 
structures during vertebrate development. Importantly, FGF8 
"total knock out" mice do not survive probably due to the 
elaborate involvement of the protein in the development of the 

2 0 embryo. 

Homology to other proteins 

It is of significant importance to predict whether undesired 
cross-reactivity with other proteins accessible for antibodies 
would be expected following treatment with an autovaccine 
25 inducing FGFSb specific autoantibodies. Due to the high degree 
of sequence identity between FGF8b and the other FGF8 
molecules, an autovaccine will be expected to cross-react with 

_ .these _ prct&injs^-JI^ls, JiowRv^r^J^i 7 1 presu mably:^ — — 

advantageous, since none of these proteins are reported to be 
30 expressed in tissues or by cell-lines that do not already 
express FGF8b. 
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Amino acid residues 55 through 175 of FGF8b shews a relatively 
low but significant degree of sequence identity to the other 
FGFs. It is commonly accepted (and several times proven) that 
a significant degree of sequence identity between two protein 
5 domains is also reflected m a high degree cf tertiary 

structure similarity. Therefore, the FGF family members are 
all Generally expected to be structurally similar. The three 
dimensional structure of FGF/ has been resolved from crystals 
as well as in solution (Ago 1991, Zhang 1991, Shu 1-91, 
10 Eriksson 1993, Blaoer 1996, Mcy 1996). FGF 2 is composed 

entirely of beta-sheet structure, comprising a three-fold 
repeat of a four-stranded antiparallel beta-meander. This 
beta-barrel structure is totally conserved between .nterleuKin 
i, FGF 2 (cr basic FGF) , and FGF1 (or acidic FGF). Nuclear 
15 magnetic resonance analysis of FGF2 in solution has shown that 
the N-terminal part of the molecule forms a relatively 
flexible structure. The remaining part of FGF8b (ammo acid 
residues 1-54 and 176-215) only shows a lew degree of sequence 
identity to known proteins. 

20 Based on the structural and alignment data, it is generally 
assumed -hat the three dimensional structural core of the 
other fibroblast growth factcrs closely resemble those of FGF1 
and FGF2. These structural considerations are important 
factors in our design of the FGF3b mutant autovaccine 

2 5 molecules. 

importantly, due to the relatively low cegree of sequence 
identity between FGFS and any of the other members of the FGF 
family, the surface of FGF 8 would be very different from that 
30 cf ether FGFs, thereby minimizing the cros s-react i vi t y of 

FGFSb autovaccine generated antibodies with ether FGF family 
members. Due to the very low degree of homology to other 
proteins than the fibroblast growth factors, we do not expect 
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an autovaccine against FGFSb to cross-react wxth any other 

proteins . 

t +- sh ould be emphasized, however, that an autovaccine against 
FGFSb probably would cross react with all isoforms of FGF8 . 
5 This will, however, presumably not be a problem since none of 
the FGF8 isoforms are expected to be expressed at significant 
levels in the adult, it is even possible that this cross 
reaction will be beneficial in the treatment of cancer, since 
it has been shown that at least some cancer cell lines express 
10 other isoforms in addition to FGFSb . 

Tissue distribution of FGF8b 

Ideally, the induced autoantibodies and the subsequent 
effector mechanisms as well as the expected CTL response 
raised by aut ovaccinat ion should only be directed towards 
15 tissues that are to be eliminated in the patient. Therefore, 
the tissue distribution of the antigen, which is targeted by 

^ an i-sue of great importance concerning trie 

an autovaccine, is an ^ 

safety of the vaccine. 

^jz irrrffh in various tissues and cells 
Table: Expression oi FGtbD in vd^^uu 



20 Human 

Breast cancer cell lines 
(MDA-MB-231, MDA-MB-415, ZR 
75-1, T-47-D, SK-BR-III, 
PMC-42, HBL-100, and MCF-7) 
25 Breast tumors 



Normal breast tissue 



((RT-PCR) Tanaka 1995, 
Payson 1996, Wu 1997, Marsh 
1998) 

( (mAb) Tanaka 1998 , 
(RT-PCR)M arsh 1998) 



( (RT-PCR) Wu 1997, Marsh 1998 
(mAb) Tanaka 1998) 
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Prostate cancer (93%) 
Breast disease 

Pre static trier cells ( INCa F , 
PC - 3 , DU 1 4 5 , and ALVA- 3 i ) 
5 fetal kidney 

adult prostate, testis, kidney 

teratocarcinona cells (Tera-2) 
Murine 

Breast cancer cell lines 
10 (SC-115, RENCA) 

Hypothalamus, Testis 
Marrjna r y t urno r s { Wn t - 1 
transgenic ) 
Embryonic brain 



15 Ovary, testis 

Developing face and limb buds 



Gastrula 



Chicken 

Embryonic brain 
10 developing linb buds 



( 'in sit u h y b . ) Leung 1996 , 
( nAo ) Tar.aka 1 9 9 S ) 
( [^.b) Tanaka 1998 ; 
(;.PT-?CP) Tanaka 1995, Ghosh 
19 96) 

[ (Northern blot) Ghosh 1996) 

( iFT-PCP} Ghosh 1996, Wu 
19 9 7) 

( ( PT-PCP.) Wu 1997 ) 

( (RT-PCR) Yosnimura 1996) 

((RT-PCR) Yoshimura 1996) 
( (Northern blot) Mac-Arthur 
1995c) 

((in situ hyb . ) Cross ley 
19 95, heikinheimo 1994, 
Chumi 1934 , Shimaniura 1997, 

(RT-PCR} Blunt 1997) 

((Northern blot) Valve 1997) 

( (pAb) MacArthur 1995b (in 
sit'.; hyb.) Heikinheimo 1994, 
Ohuchi 1994, Crossley 1995} 

((in situ hyb.) Crossley 

19 9 5) 

((in situ hyb.) Crossley 
19 9 6a) 

({in situ hyb.) Ohuchi 
-1997a, b)- - - ■ ■ 



The above table shows a wide selection of tissue distribution, 
and cell line data of FGFSb expression. As seen from the 
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table, most of the data regarding tissue distribution is 
generated using the sensitive RT-PCR method. This is because 
Northern blotting analysis does not detect any FGFSb mRNA in 
any normal tissues except from fetal kidney. From this scarce 
5 data, it is generally assumed that expression of FGFSb mRNA in 
the adult is very limited, and thus, an autovaccine against 
FGFSb would presumably not be reactive against normal tissue. 
Due to the fact that small amounts of FGFSb could interact in 
unknown systems in the adult, the tissue distribution of the 
10 protein needs further analysis. There are, however, in our 

opinion no indications that an autovaccine against FGFSb would 
result in serious unwanted effects on the patients. 

it Effects of antibodies against FGF8b 

| So far, no attempts to treat prostate cancer using monoclonal 

U 15 antibodies have been published. Clinical trials with 
^ monoclonal antibodies are ongoing in breast cancer therapy 

Q studies, however. 

1 Antibodies against FGFSb will probably block the interaction 

W between FGFSb and its receptors, which will inhibit the cell 

20 irembrane ruffling and cell proliferation, very likely 

decreasing the motility and invasiveness of the cancer cells. 

Hence, the invention also relates to embodiments of the 
methods described herein where, where the foreign T-cell 
epitope is introduced in a part of the FGFSb amino acid 
25 sequence defined by SEQ ID NO: 6 positions 1-54 and/or 178-215 
and/or 55-58 and/or 63-68 and/or 72-76 and/or 85-91 and/or 
95-102 and/or 106-111 and/or 115-120 and/or 128-134 and/or 

^ 8 _- 1A 4_and J 'or_149rl^ 

should be noted that it is especially preferred not to 
30 introduce variations or modifications in positions 26-45 and 
in the C-terminus starting at amino acids 186-215, since these 
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stretches show the least homology with a recently discovered 
orotem, 7Gz~l$ , which seems no be expressed in a variety of 
ron- tumour tissues. 



Accordingly, Che invention also pertains tc an analogue cf 
5 human /murine FG F8b which is immunogen i c in humans, said 
analocue comprising a substantial part cf all known and 
predicted CTL and B-cell epitopes of FGFSb and including at 
least one foreign T H epitope as discussed herein. It is 
preferred that the at least one foreign T H epitope is present 

10 as an insertion in the FGFSb amiro acid sequence or as a 

substitution of part of the FGFSb amino acid sequence or as 
the result of deletion of part of one FGF3b amino acid 
sequence. Most preferred analogues in this embodiment are 
those where the foreign T-celi epitope is introduced in a part 

IS of the FGFSb amino acid sequence defined by SEQ ID NO: 6 

positions 1-54 and/or 178-215 and/or 55-58 and/or 63-63 and/or 
72-76 and/or 85-91 and/or 95-102 and/or 106-111 and/or 115-120 
ana/or 128-134 and/or 133-144 ana/or 149-154 and/or 158-162 
and/ or 173-177. 



2 0 Mucins 

The invention also pertains to metnods of the invention 
employing specifically modified versions of the human mucins, 
especially any of MUC-1 thrcugh MUC-4, preferably MUC-1. The 
analogues comprise the following structure 

25 TR(-5-P-S- (TR}-) n 



-where TR is a tandem repeat derived from the naturally 
occurring mucin., P is a. foreign T, -epitope as discussed herein, 
S is an inert spacer peptide having from 0 tc 15 amine acid 
residues, preferably between 0 and 10 amino acid residues, and 
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n is an integer of fro, 1 to 30, and m is an integer from I to 

10, preferably from 3 to 5. 

When producing such a mucin analogue, the direct result will 
normally not have a glycosylate pattern as desired, i.e. an 
5 aberrant glycosylate, pattern resembling that of a tumour 

derived mucin. However, it is possible to ,roduce the analogue 
recombinants xn e.g. E. coli or by synthetic means, and 
subsequently glycosylating the product enzymatically so as to 
achieve a Tn or S-Tn glycosylate pattern. Alternatively, the 

j • ~ ^ => pan r^ii line lacking 
10 polypeptide could be prepared in e.g. a CHO 

■ the relevant glycosylate enzyme. 

rt should be noted that preferred analogues of the invention 
comprise modifications which results in a polypeptide having a 
sequence identity of at least 70% with the polypeptide antigen 
15 or with a subsequence thereof of at least 10 amino acids in 
egth. Higher sequence identities are preferred, e.g. at 
; east 7 5% or even at least 80% or 85%. The sequence identity 
for proteins and nucleic acids can be calculated as 

(a^-a^)W^- wherein N -< 13 the totaI numb6r ° f n0n " 

20 identical residues in the two sequences when aligned and 

wherein ,, e£ is the number of residues in one of the seances 

, rTnirTr will have a sequence identity 
aence, the DNA sequence AGTCAGTu will nav~ 

of 7 5% with the sequence AATCAATC CN di£ =2 and N C3f =8). 
NMcl^ic_ac^r^mer^^^ 

25 It will be appreciated from the above disclosure that the 
analogues can be prepared by means of recombinant gene 
technology ^^1^^^^^^^^-^^ 



7em"isynthesis; the latter two options are especially relevant 
when the modification consists in coupling to protein carriers 
30 (such as KLH, diphtheria toxoid, tetanus toxoid, and BSA) and 
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non-prot e i naceous molecules such 
of course also when the rr.odifica: 
side chains or side groups to an 
-hair; . 




as carbohydrate polymers and 
ion comprises addition of 
po 1 ypeptide -de rived pept ide 



5 Fdi l he purpose of recombinant gene technology, and of course 
also for the purpose of nuclei: acid immunization, nucleic 
acid fragments encoding the necessary epi topic regions arc 
analoaues are important chemical products. Hence, an important 
part of the invention pertains to ei nucleic acid fragment 

10 which encodes an analogue describe:: above of any of the 
relevant tumour-specific polypeptides, preferaoly a 
polypeptide wherein has been introduced a foreign T H -ceii 
epitope by means of insertion and/or addition, preferably by 
means of substitution and/or deletion. The nucleic acid 

15 fragments of the invention are either DNA or RKA fragments. 

The nucleic acid fragments of the invention will normally be 
inserted in suitable vectors to form cloning or expression 
vectors tarrying the nucleic acid fragments of the invention; 
such novel vectors are also part of the invention. Details 

20 concerning the construction of these vectors of the invention 
will be discussed in context of transformed cells and 
microorganisms below. The vectors can, depending on purpose 
and type of application, be in the form of plasmids, phages, 
cosmids, mir.i-chrorr.oscmes, or virus, but also naked DNA which 

25 is only expressea transiently in certain cells is an important 
vector. Preferred cloning and expression vectors of the 
invention are capable of autonomous replication, thereby 
enabling high copy-numbers for the purposes of high-level 
expression or high-level replication for subsequent cloning. 

30 The general outline of a vector of the invention comprises the 
following features in the 5'-3* direction and in operable 
linkage: a promoter for driving expression of the nucleic acid 
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fragment of the invention, optionally a nucleic acid sequence 
encoding a leader peptide enabling secretion of or integration 
into the membrane of the polypeptide fragment, the nucleic 
acid fragment of the invention, and a nucleic acid sequence 
5 encoding a terminator. When operating with expression vectors 
in producer strains or cell-lines it is for the purposes of 
genetic stability of the transformed cell preferred that the 
vector when introduced into a host cell is integrated in the 
host cell genome, in contrast, when working with veotors to be 

10 used for effecting in vivo expression in an animal (i.e. when 
using the vector in DMA vaccination) it is for security 
reasons preferred that the vector is not capable of being 
integrated in the host cell genome; typically, naked DNA or 
non-integrating viral vectors are used, the choices of which 

15 are well-known to the person skilled in the art. 

The vectors of the invention are used to transform host cells 
to produce the analogue of the invention. Such transformed 
cells, which are also part of the invention, can be cultured 
cells or cell lines used for propagation of the nucleic acid 

20 fragments and vectors of the invention, or used for 

recombinant production of the analogues of the invention. 
Alternatively, the transformed cells can be suitable live 
vaccine strains wherein the nucleic acid fragment (one single 
or multiple copies) have been inserted so as to effect 

25 secretion or integration into the bacterial membrane or cell- 
wall of the analogue. 

Preferred transformed cells of the invention are 
microorganisms such as bacteria (such as the species 
Escherichia [e.g. E.coli], Bacillus [e.g. Bacillus subtilis], 
30 Salmonella, or Mycobacterium [preferably non-path ogeni c, e.g . 
M "bo vis 3CG]~) , yeasts (such as Saccharomyces cerevisiae) , and 
protozoans. Alternatively, the transformed cells are derived 
from a multicellular organism such as a fungus, an insect 




79 



cell, a plant cell, or a mammalian cell. Most: preferred are 
cells cerived from a human being, cf. the discussion of cell 
Lines and vectors below. 

For the purposes of cloning and/or optimized expression it is 
5 Drererred that tne transformed cell is capable of replicating 
the nucleic acid fragment of the invention. Cells expressing 
the nucleic fragment are preferrec useful embodiments of the 
invention; they can be used for small-scale or large-scale 
preparation of the analogue or, in the case of ncn-pa tnogenic 
10 bacteria, as vaccine constituents in a live vaccine. 

When producing the analogue of the invention by means of 
transformed cells, it is convenient, although far from 
essential, tnat the expression product is either exported out 
into the culture medium or carried on the surface of the 
15 transformed cell. 

When an effective producer cell has been identified it is 
preferred, on the basis thereof, to establish a stable cell 
line which carries the vector of the invent i en and which 
expresses the nucleic acid fragment encoding the analogue. 
20 Preferably, this stable cell line secretes or carries the 

analogue of the invention, thereby facilitating purification 
t ner eo f . 

In general, piasrr.id vectors containing rep 1 icon and control 
sequences which are derived from species compatible with the 

25 host cell are used in connection with the hosts. The vector 
ordinarily carries a replication site, as well as marking 
sequences which are capable of providing phenotypic selection 
in transformed ceils. For example, E. coll' is typically 
transformed using pBR322, a plasmid derived from an E. coll 

30 species (see, e.g., Bolivar et al., 19/7). Tne p3R322 plasmid 
contains genes for ar.picillin and tetracycline resistance and 
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thus provides easy means for identifying transformed cells. 
The pBR piasmid, or other microbial plasmid or phage must also 
contain, or be modified to contain, promoters which can be 
used by the prokaryotic microorganism for expression. 

5 Those promoters most commonly used in recombinant DMA 
construction include the 3-lactamase (penicillinase) and 
lactose promoter systems (Chang et al. f 1978; Itakura et al., 
1977; Goeddel et al., 1979] and a tryptophan (trp) promoter 
system (Goeddel et al., 1979; EP-A-0 036 776). While these are 

10 the most commonly used, other microbial promoters have been 
discovered and utilized, and details concerning their 
nucleoside sequences have been published, enabling a skilled 
worker to ligate them functionally with plasmid vectors 
(Siebwenlist et al . , 1980). Certain genes from prokaryotes may 

15 be expressed efficiently in 2. coii from their own promoter 
sequences, precluding the need for addition of another 
promoter by artificial means. 

In addition to prokaryotes, eukaryotic microbes, such as yeast 
cultures may also be used, and here the promoter should be 
20 capable of driving expression. Saccharomyces carevisiase, or 
common baker's yeast is the most commonly used among 
eukaryotic microorganisms, although a number of other strains 
are commonly available such as Pichia pastoris. For expression 
in Saccharomyces, the plasmid YRp7, for example, is commonly 
25 used (Stinchcomb et al . , 1979; Kingsman et al., 1979; 

Tschemper et al., 1980). This plasmid already contains the 
trpl gene which provides a selection marker for a mutant 
strain of yeast lacking the ability to grow in tryptophan for 
example ATCC No. 44076 or PEP4-1 (Jones, 1977). The presence 
—30— Qf-t-^e^-rpl^ l os ion as -^haracteri^t-ic of the y ^a st hos-t^^U- 
genome then provides an effective environment for detecting 
transformation by growth in the absence of tryptophan. 
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Suitable promoting sequences in yeast vectors include the 
promoters for 3-phosphog 1 ycera te kinase iHitzman et al. , 19SC! 
or other glycolytic en cymes (Hess et al., 196?,; Holland et 
al., 1973), such as enclasc, gl yce ra idehyde- 3 -pnospna t e 
5 dehydrogenase, hexokmase, pyruvate decarboxylase, 

p he spnof ructo kinase , gl ucose- 6-phosphace i some rase, 3- 
pnosphogiycerate mutase, pyruvate kinase, tri:sephosphate 
isomerase, phosphogluc - se iscmerase, and clue: kinase . in 
constructing suitable expression plasmids, the termination 
10 sequences associated with these genes are also ligated into 
the expression vector 3* of the sequence desired to be 
expressed to provide p o 1 yarieny 1 at ion of tne mRNA and 
teoination . 

Cther promoters, which nave the additional advantage of 
15 transcription controlled by growth conditions are the promoter 
region for alcohol dehydrogenase 2, i so cytochrome C, acid 
phosphatase, degraaative enzymes associated with nitrogen 
metabolism, and the aforementioned giyceraidehyde- 3-phospha te 
dehydrogenase, and enzymes responsible for maltose and 
iC galactose utilization. Any plasmid vector containing a yeast- 
compatible promoter, origin of replication and terrr.inat ion 
sequences is suitable. 

in addition to microorganisms, cultures of cells derived from 
multicellular organisms may also be used as hosts. In 

25 principle, any such cell culture is workable, whether from 

vertebrate or invertebrate culture. However, interest has been 
greatest in vertebrate cells, and preparation of vertebrate in 
culture (tissue culture) has become a routine procedure m 
recent years (Tissue Culture, 1973). Examples of such useful 

■30 host ceil lines-are VERO and HeLa cells, Chinese hamster ovary 
(CHO) cell lines, and W138, BHK, COS-7 293 and MDCK cell 
lines. 
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Expression vectors for such cells ordinarily include U 
necessary) an origin of replication, a promoter located m 
, ron , 0 f the gene to be expressed, along with any necessary 
ribosome binding sites, RNA splice sites, polyadeny latron 
5 site, and transcriptional terminator sequences. 

For use in mammalian cells, the control functions on the 
expression vectors are often provided by vrral material. For 
example, commonly used promoters are derived from polyoma, 
//eno^us 2 , and most fluently Simian Virus ,0 <SV40> . The 
10 eary and late promoters of SV40 virus are particularly useful 
because both are obtained easily from the virus as a fragment 
wrich also contains the SV40 viral origin of replication 
(Fiers et al., 1978). Smaller or larger SV40 fragments may 
also be used, provided there is included the approximately 2o0 
15 bp sequence extending from the Hindlll site toward the Bgll 
site located in the viral origin of replication. Further, it 
is also possible, and often desirable, to utilize promoter or 
control seouences normally associated with the desired gene 
sequence, provided such control sequences are compatible with 
20 the host cell systems. 

*n origin of replication may be provided either by 
construction of the vector to include an exogenous origin, 
such as may be derived from SV40 or other viral (e.g., 
Polyoma, Adeno, VSV, BPV) or may be provided by the host cell 
25 chromosomal replication mechanism. If the vector is integrated 
into the host cell chromosome, the latter is often sufficient. 
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comprises, as an effective immunogenic agent at least one of 
30 the analogues described herein in admixture with a 

pharmaceutical^ and immunologically acceptable carrier, 
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vehicle, diluent, c r excipient, and optionally an adjuvant, 
also the discission of these entities in the description cf 
t h e method o t the i n v e n tiori above. 



Furthermore , the invention also relates to a composition 
5 composition tor inducing production cf antibodies against any 
one of tne aocve dis fussed tumour antigens, the composition 
comprising 

a nuclei; acid fragment or a vector of the invention, ani 
- a pha rmaceut i cal 1 y and immunologically acceptable diluent 
10 and/or vehicle and/or carrier and/or e x c i p i e n t and/or 

ad j uvant . 

Formulation ana other specifics concerning such compositions 
are discussed in the relevant section regarding nucleic acid 
immunisation above. 

15 EXAMPLE I 

Vacci nation aga ins FSM 



In the following it will be described how a human autovaccine 
against PSM can be developed through modification of the 
molecule by insertion of one or more promiscuous foreign T 
2 0 ceil epitopes to reveal a panel of immunogeni sed PSM 
molecules . 

The constructs will be tested for their ability to induce 
specific CTL responses against PSK bearing tumour cells. 
Furthermore, the constructs will be tested for their ability 
25 to induce antibodies which are cross - react ive with the native 
parts of the PSM molecule. Subsequently, in several in vitro 
assays and in vivo animal models the efficacy of the different 
constructs will be evaluated. The induced antibodies will be 
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tested for their ability to activate complement via the 
classical pathway ana to initiate ADCC via Fc-receptor s . 
Finally, the different molecules will be tested in animal 
models of human prostate cancer. 

5 Strategy in designing a PSM autovaccine 

Briefly, the PSM vaccination plan entails the following 
experimental tasks 

n^ qT . an H nroducti o n nf * nane3 nf human PSM mutants 

Cloning of the PSM sequences from human and rat/mouse. 
10 - Mutational work to generate immunogenized hPSM molecules. 
- Expression of wild type and immunogenized hPSM molecules 
in E . coli and/or Pichia pastorls. 

Purification, refolding and characterization of the 
immunogenized hPSM molecules. 

15 DNA vaccination feasibility study 

gplpr.tion of hPSM candidate s 

Immunizations of mice/rabbits. 
ELI SA . 

FACS analysis. 
20 - Tumor cell proliferative assay. 
- T cell presentation assays. 

Tp.gfina of the hPSM mutants in vivo 

solid tumor/metastasis model in mice. 

stud y ^TT, induct i on by autovaccination 

corresponding " 

to the selected hPSM candidates. 
- Testing the antisera raised by mouse/rat PSM mutants in in 
vitro assays: Immunochemical assays, ELISA, FACS analysis, 
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cellular assays, ccmplemenc lysis of PSM bearing cells, 
A3CC assay, CTL activity assay, Tumor cell prcliferauve 
assay, T cell presentation assays. 
Testing of the mPSM xutants in vivo in a solid 
3 turner /metastasis model in mice. 

Nomenclature of the hPSM constructs 

PSM is a type II membrane protein of 750 amino acios, cf. SEQ 
ID NO: 2 which sets forth the wild-type sequence with the 
exception that Gly substitutes Trp in position 2 cue to the 
13 introduction of an JVcoI site and a Kozak sequence in SEQ ID 
NO: 1, where ggt substitutes tgg in positions 4-6. 

In PSM , the extracellular part constitutes the 707 C-terminal 

ammo acids, whereas the cytoplasmic domain is predicted to be 

lr* amino acids long and the transmembrane part cf the protein 
15 consists of 24 amino acids (aa 20-43) . 

All the genetic constructs of human PSM are designated 

hPSM_ . _ , where the first is the insertion region used for 

Insertion of P2, and the second is the insertion region 

used for ?30. If P2 or P30 is not present in the protein, the 

20 number 0 (zero) is designated. The full length wild type h?SM 
is designated hPSMO.C and the wild type hPSM lacking the 
cytoplasmic and transmembrane parts is designated hPSM-0 . 0 . 
The 13 planned lmmuncgenized h?3M genes which all contain one 
P2 epitope and one P30 epitope will be named hPSMl.l, h?SM6.1, 

25 nPSMS.I, hPSMlO.l, hFSK1.6, nPSMl.S, hPSMl.lC, hPSMl.2, 

hPSM1.3, hPSMl.5, hPSM2.1, h?SM3.1, and hPSMS.l, cf. details 
below . 



In hPSMl.l, both the P2 and the P30 epitopes are inserted in 
tandem in insertion region no. 1 (the membrane spanning 
30 region). Theoretically, this mutant, hPSMl.l, can be 



86 



considered a very attractive vaccine candidate, because the 
whole extracellular domain of this molecule is intact . 

in o-der to facilitate the cloning and mutagenesis procedures, 
,uch of the molecular construction work is done using either 
5 the N-terminal (amino acids 1-436) or the C-terminal (ammo - 
acids 437-75O) part of the hPSM gene as starting material. 
These two parts of the hPSM gene are designated hPSMI_._ and 
hPSMII_._, respectively, where the first _ is the insertion 
region used for insertion of P2, and the second _ is the 
10 insertion region used for P3C . Again, if P2 or P30 is not ^ 

present in the protein, the number 0 (zero, is designated, and 
the wild types are named hPSMIO.O and hPSMIIO.O, respectively. 
A special variant of hPSMIO.O without the cytoplasmic part of 
hPSM is designated hPSMlH-0.0. 

15 Practically, most mutagenesis work is being done using 
hPSMIO.O and hPSMIIO.O as starting material. 

The expressed hPSM mutant proteins will be designated 
PBOS_._, where the first _ is the insertion region used for 
insertion of P2, and the second _ is the insertion region 
20 used for P30. If P2 or P30 is not present in the protein, tne 
number 0 (zero) is designated. The wild type hPSM is 
desianated PROS0.0. PROSIIO.O is the hPSM amino acids 437-750 
protein product. HIS tagged proteins are called HIS-PROS_._. 

Cloning of the human PSM sequence 

25 The LNCaP cell line which originates from a metastatic lesion 
of human prostatic adenocarcinoma was purchased from the 
^. ican -ryc= Culture Co±±*ct ron-TO^»^^ 



from this cell line and reverse transcribed using a standard 
kit in order to obtain cDNA encoding tne human PSM sequence. 
30 Using different sets of hPSM specific primers, PGR products 
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encodina PSM : 4 3 f - 1 5 0 ) was obtained ana further cloned into 
o r Jcl9 {plasm.ia number pMR300) and verified by UNA sequencing. 
This C-termr.al part of wild type PSM is designated hPSM 
parti i (hPSKIlJ.C) . 

5 Similarly, the wild type hPSM parti fhPSMlO.O) has been cloned 
into pUcI9 using primers for amplifying parti both with 
(hESMIO.O) and without (hPSMI^C.O) the 

transmembrane-cytoplasmic domains. The clones were control 
sequenced and hPSMIO.O and hPSMIIC.O were fused using ligation 
10 at the EcoRI site. The resulting clones of hPSMO.O ! SEQ ID NO: 
2) and hPSM-0.0 have been subclcr.ed into a number of pro- and 
eucaryotic expression vectors and again sequence verified. For 
details of the hPSM wild type cloning work. 

Cloning of the rat and mouse PSM sequences 

15 The sequences of both mouse and rat cDNAs wiih very high 
homology to the human PSM sequences have previously been 
submitted tc the Genbank database. The accession numbers are: 
mouse FSM: AF02S380 (submitted 28 October 1997) and rat PSM: 
U75973 {submitted 23 October 1996) . Knowledge of these 

20 sequences have facilitated the cloning of the mouse PSM as 

well as the rat PSM , ana it is currently aimed at to clone the 
murine PSM sequence. 

cDNA libraries of ra: hippocampus, rat prostate and mouse 
brain have been purchased ^ominercially . The stocks have all 

25 been titrated and their titers determined. Phage DNA was 

extracted fr:n culture, and PCk amplifications using primers 
which are tctally conserved between the published human and 
rat PSM seauences was performed in an attempt" to obtain 
mouse/rat PSM specific probes for use in the selection of 

30 m/rPSM expressing clones, but with no positive result. 
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5 incorporation of S ATP ified in each of the 
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rtlv from mouse tissue, prostate 
2Q In order to isolate PSM a-ect^Jr ■ ^ _ 
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Looted from this tissue usin * ~° ^ 

bead based co-rcial r - ^ pCR produ cts 

transcribed. Using this ^ ^ ^ gpecific 

25 were obtained using different - in the 3. 

pri mers. m this way, -™^ d . Ongoing and upcoming 
end of mouse PSM was so psM seque nces in the 

work lncludes attempts to , n - * ^ ^ ^ as c0HA 
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-synthes-ized from mRNA isolate 
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Recently, two EST (expressed sequence tag) clones containing 
mouse ?3X sequences ' :r :c. fetal mouse kidney and mouse 
macrophages, respectively; nave been purchased from American 
Type Culture Collection ;ATIC; . From tne publisned sequences 
5 it is expected that these clones will cover the 1400 3' base 
pairs cf the mouse PSM molecule. 

Expression of wild type hPSM in E. coll 

Che C-terirdnal part ;amino acids 4 37-750) of hPSK, hFSKIIO.O, 
has been tinned into the bacterial expression vector pET28b m 
10 order to obtain a product with an N-terminal po ly-hist idihe 

(HIS) tail wnich facilitates easy large scale purification and 
identification with ant i -pciy-HI S antibodies. The protein 
prcduct cf pcly-HIS tagged hPSMIlO.O (protein product 
designated HIS- PROS I 10.0) was expressed in £ . coli. 

15 The DNA encoding full-length wild type hPSKO.O ( SEC ID NO: I) 
has also been expressed from pET23b in the E. coli strain 
2L21(DE3) where the expression product is located in inclusion 
bodies. SDS-PAGE analysis of bacterial iysate followed by 
Western blotting with rabbit an t i -HI S - PROS 1 1 0 . 0 shewed a 

20 product with the expected migration. K- terminal sequencing of 
five amino acids of this product eluted from an SDS-PAGE gel 
gave the expected amine acid sequence. 

The wild type hPSM constructs hFSMO.0, nPSM-0.3 {as well as 
two hPSM mutants, hPSMl.l and hPSMo.l, see below) have been 
25 cloned into different E. coli expression vectors in order to 
enable a more efficient expression and some degree of folding 
cf tne recombinant proteins in E . coil. The chosen expression 
systems are : 



pMCT6 which generates N -terminally 
30 expressec recombinant proteins, 



His-tagged versions of the 



, • - nrn te ; ns in connection to 
> ■ u ~ V mr M s the recombinant proteins 

a 22 ammo ac.c p— b bacteria, and 

protein to the periplasm^ space o_ the £- 

5 r/r/::: r; t rrr. rr 

against MBP can oe used tor affinity 
and a carbohydrate coupled column can be u.ed 
purification of the product. 

E co ^ expression experiments of the wild type hPSM 
10 HOWeVSr ' theS e vectors only showed a fair expression 

proteins from tneb. <_<_, nf , neriplasmic 

Lei fro„ PMCT 6 . The problems o £ P« ? ^ 

expression of the wild type 
at present. 

• « of wild type hPSM in Pichia pastoris 
15 Expression of wiia ^yf 

purifroation W eU^n. - eufcaryotlc 
20 decided to i.p.enent » lt «"" 1 s „ eral well - 

expressior of the reco.brnan. have bee „ 

character^ eutaryotrc express > = « " „, t „. 

evaluated, a,d for the mitral screenr , 
y east PicMa pastors has been chosen as alterna 
25 coli expression. 

,„ ..press- s y ste„ based on .the ^ «^^!^- 
^--^r-rentlf .eIn-5-r^n-red. ^ ^ J,, expect e d to 
recombinant proteins expressed - th " ° 9 tha „ 
reaemble the „a»ali,n P*"-™ 
30 saccharoses cerevisiae due to a lesser 
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mannosylation of the recombinant: prctein. It has recently been 
shewn that nannose recepcor-r.edi a t ec up:a!<e of antigens by 
dendritic cells results in an approximately IOC-fold more 
efficient presentation to I cells compared to fluid-phase 
endocytosed uptake. Therefore, manr.osylat ion might play a rele 
for toe antigenicity (ana especially the ability to induce CTL 
responses) of the hPSM mutants and other antigens against 
which a CTL response is desirable. 



A strain of Pichia pastoris as well as two different 
1C expression vectors have been purchased from Invitrocen. The 
vector oPICZaA carries a methanol inducible promoter upstream 
of the polycloning site, whereas the pGAPZaA vector express 
proteins const it ut lvely . Both vectors encode the a-factor 
^ secretion signal in order to export the recombinant proteins 

^ 15 to the medium. The selection system of these vectors is zeocin 
resistance. The sequences encoding hPSMO.O, and hPSM-C.O (as 
well as one hPSM mutant, hPSMl.l, cf. below) were subcioned 
p~ into these vectors. 



Four Pichia pastcris strains (X-33, SMC1168, GS115, ana KX71) 
2C dif ferine e.g. in their growth requirements were transformed 
with each of these (linearized) pLasmids using 
electrcporation. The transformation procedure was repeated 
several times with minor changes in order to obtain a large 
number of zeocin resistant dunes. Currently, the 
2 5 transformation procedure is being optimized and the screening 
of already obtained zeocin resistant clones is being perfcrrted 
in truer to isolate a hPSM secreting clone. Also, the hPSM 
genetic constructs mentioned above are subcioned into Pichia 
paszoris vectors with another selection system (HIS 
30 dependency) as a backup to the zeocin resistance system. 



Expression of wild type hPSM in mammalian cells 
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nn CHO (Chinese hamster ovary) cells 
An expr essxon system using CHO ^ product ion 
wilL also be implemented for tne anal -est g 
of selected molecules. 

CHO -v. .ee„ ™ 'J^™ lnto 

.-tor D ZeoSV2 purchased from Invitrogen. A method 
ve_tor pZeoS ^ pcDNA3-lM in 

10 transient expressxon of wi.d typ 

COS-7 and 293 ceils is also being set up a, 

ceil laboratory under biosafety level class .1 . 

Tissue distribution of hPSM 

■ l kit has been ourchased in order to determine 
A commercial kit has . detecte d in various human 

15 whether hPSM expression can t ^ ^ ^ 

tissues including prostate, biooa a 

tissues , A containing mRNA 

based on a dot blot detection of polyA results 
exited from 50 different human tissues. Preliminary 
ext^a-tea tissues such as 

QO not indicate hyperexpressxon of nPSM 

w _ tpst will be repeated. 

20 blood or brain, bu. the test 

Design of the hPSM mutants 

i ,,ork in PSM, some regions of the 
When designing the mutation - ' 

protein are very important to oreser 

constructs, for example potential and identified T cell 
s ; cell epitopes and disulfide bridge cysteine 

25 epitopes, B cell p P RS have be en 

residues. There f o^uch _ Jorbidd H^ea^n umb e r of 

id-entifled within the PSM seguence ^ ^ 

"open" regions of 20 ammo acids or more - a 

■th the foreign T helper epitopes P2 and/or 
e^hange with the foreign F also consi dered an 

30 definition, the transmembrane region is 
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tutcant ibodies directea aqamst thi; 



vv ope n reaicr. since 
region are irrelevant and elimination cf this sequence is 
believed t: enhance the solubility of the nutated PSK 
proteins . 



5 According to our expectation that the autovaccir.e will induce 
a CTL response, it would be u.ccrtan: to identify ani preserve 
potentially subdommant CTL epitopes in the constructs. Two 
such epitopes are already known from the literature: 1) the 
peptide comprising PSM amino acids 4-12 ( LLHZTDSAV ) tan be 

1C presented :n the human MHC class I molecule HLA-A2 . 1 (Tjoa 

1916), ana 2) the PSM < 7 11 -71 9 } (ALFDIFSKV ) also binds KLA-A2 . 1 
(ref 25). We have also searches the PSM amino acid sequence in 
order to identify primary anchor residues of HLA class I 
binding motifs as described by Ramm.ensee et al. ( Rammensee , 

15 19.95) for the nest abundant HLA class 1 types IHLA-Ai, HLA-A2, 
HLA-A3, HLA-A2 3 , H LA - A 2 4 and HLA-A2 8 ) , together constituting 
80 % of the HLA- A types of the human population. Likewise, 
potential HLA-B and HLA-C epitopes have been identified and 
designated as "forbidden" areas. 

20 Because the initial intention was to use T57/black x SJL Fi 

hybrid mice in case it was decided to use transgenic mice for 
testing the PSM autovaccme constructs, potential mouse H-2 t 
and H-2 S T helper epitopes has been identified and considered 
"forbidden" regions {Rammensee 1995). 

25 It is also important to preserve known antibody binding 

regions in the PSM molecule, because they could be important 
in the induction of specific anti-FSM autoantibodies. Five 
such regions have already been described: PSM (63-68), PSM (132- 
137), PSM(482-487> ( WO 9 4/09820) , PSM { 7 1 6-72 3 ) and PSM (1-7) 

30 (Murphy, 1996: . Using the computer based method of Hopp and 
Woods for prediction of antigenic determinants, five regions 
are predicted: PSM'63-69), PSM (13 3-191] , P SK ; 4 0 4 - 4 1 4 ) , 
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overlapping .he expe. vaccl ne candidate 

regions will also be preserved ,n ^he -S 

molecules . 

a rvsteine residues (amino acid 
5 The PSM protean contains 4 cyste.ne preserve d in the 

?7 196 466 and 597) which wi.l be preser 

P ° S1 ^ ^ constructs because of their potential importance 
iitumunogenized constructs 

in th e formation of disulfide bridges. 

■ n th - above mentioned -forbidden" and "open" regions in 
BaS6Q ° , 8 regi ons suitable for insertion of foreign 

10 the hPSM protein, 8 regions 

T helper epitopes were identified: 

. . • q i te to EcoRI 

msertion regions in hPSMX (from initiation 

site, aa 1-437) : 

. , aa 16-52 (4 aa preceding TM, TM (24 aa) and 9 aa 

Region 1: aa io J ^ v 

after TM = 37 aa) 

87 _108 (22 aa) 
Region 2 : aa o / 

3 * 210-230 (21 aa) 
Region j>: aa 

. '^69-289 (21 aa) 

Region 4: aa 

tr. „ 798-324 (27 aa) 
Region 5: aa z^o 

tt^rt site to termination 
20 insertion regions in hPSMII (from EcoRi 

sire, aa 437-75C): 

Region 6: aa 442-465 (24 aa: 

Region 7: aa 488-514 (27 aa) 
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Region S: aa 593-630 (33 aa) 
Region 9: aa 643-662 {20 aa; 
Region 10: aa 6~ 7 2 - 59 9 (28 aa; 

The insertion regions as well as the "forbidden" regions are 
5 represented graphically in Fig. 4. 

13 different irrir.unogem zed PSM constructs will be made by 
substitution of a segmen: of amino acids from :wo of the above 
listed insertion regions with P2 or P30. Each mutant protein 
will thus contain both P2 and P3G. Experimentally, the 
10 mutations will be Tade in clones of h?SMl and hPSMII cDNA 

respectively, and the two mucacei parts will subsequently be 
combined by ligation (at the EcoRI site) . The P2 and ?30 
epitopes will be inserted into insertion regions 1, 2, 3, 5, 
6, 3 and 10 in order to create tne 13 mutants. 

15 The sequences of P2 and P3C are: 

92: QY I KAN5KFIGITEL (15 aa), encoded by the nucleotide 
sequence cag tac ate aaa get aac tec aaa ttc ate ggt ate acc 
gag ctg (45 nucleotides), where the sequence in boldface is an 
SacI site. 

20 F30: FNNFTVSFWLPVPP;VSA3HLE (21 aa), encoded by the nucleotide 
sequence ttc aac aac ttc acc eta age ttc tgg ctg cgt gtt ccg 
aaa gtt aac qCT AGC cac ctg qaa (63 nuc 1 eot ice s ) , where 
bcldface indicates an Hindi 1 1 site, single underlining 
indicates an £co47HI site, capital letters indicates a SstNI 

25 site, and double underlining indicates an Nhel site. 



Molecular constructions of the hPSM mutants 



96 



■ to insert P2 ano P30 encoding sequence, have been 
Mutations to ^ hPS MII0.0 as starting 

performed using both hPbMiu. 



material 



thp hPSM mutants, P2 and 
In order to , S »»te a « 3 or, t, - positron 

,. Th . resulting material £ot 

respectively) was subsequently used ^ 

. _ p-> and °30 at positions , j 
mutagenesis to mser. - hPS MII- hPSMIl.O was 

for nation with epitope — ted hP ^ extension) PCR and 
• ^ qof 'sinqle overlap exx-ena 
10 constructed usu.g ,9 hPS „io.l was constructed using 

— :irr:;; n ::i^ue ^ - — 

verified - 

■, . was inserted into positions 2, 3 and 5 of 
The P2 epitope was mser hDSMI1 . 2 , hPSMIi.3 and 

cnr-PfR to create nf ^lij. j. . r 
15 hPSMIl.O using SOE -CR t ^ ^ hpsMl;0 . 0 to 

hPSMIl.5. These constructions were 
create hPSMl.2, hPSMl - 3 andhPSMl-5. 

, riirreC l bv SOE PCR 

hPSMI ,l, hPSMl3 . 1 and - „. ; _ 

usl ng hPSMlO.l as starting material. ^ ^ ^ 

20 assembled with hSPMHO.O by lotion ^ 
ord er to create the full length mutants hPSK..-, 



hPSM5. 



,„.err-d at three different positions of 
Th e P2 epitope was „»«- _ 

hPSM;l „.0 in ord. r to c a ^ ^ 

2^ hPSMIIlO-0 using the Quick y 

cl ones were subsequently sequence verified. 

Subsequently, TTFSHTXT. wa h?S M10.1, and 

and hPSMIHO.O to obtain hPSMS.l. 
the clones were sequence verined. 
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Insertion of the ?30 epitope in r.FSXII is presently being dene 
to Generate hPSMHO.6, hPSMHO.8 and hFSMIlO.10 using SOZ PCR. 

nPSMl.l was constructed using :wo iwo-step PGR mutations 
followed by ligation in a Hi ndl T I site within the epitope 
5 sequence. The full length construe! is sequence verified. 

Tn audition to the originally contemplated 13 mutants each 
containing both P2 and P30, four mutants which only contain a 
single foreign epitope have been constructed and sequence 
verified: hPSMl.O, hPSMS.O, nPSMlO.O and hPSMC . 1 . 

10 A schematic overview of ail the generated clones and strains 
of hFSK wild type DNA and mutants is given in the following 
two tables . 
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Expression of hPSM mutants in S. coll 

■n,»nr«? seven hPSM mutants, hPSMl.l, 
In hP5 „3.1 and hPSMS.l we C e 

hPSHS.l, hESMlC, hPSM . BL21(DE3) , and 

. WM ...d ... , in - • a size uere ldentl£ied 

IPIG 1 -=-; ir: : - ; £ s ; h s : P ::; . P ^ u « o£ 

on Coomassie Blae s. expre ssion levels of these 

nPSMl.l was not detectable. The exp ^ ^ ^ 

hP SM mutants were very low compared the P 

tr „ rt hPSM-0.0. At this point, a fair e. P 
tvoe construct nran u ,-oli 
yH •„„ d et system m t, . cuxj. 

, level of the hPSM mutant, using the P* V r 

see. possible, and the use of oth- ^ ~ / 
sys tems and/or other host organisms is thus „e~s 

bPSM6 1 and hPSMl.l have been subcloned 
As mentioned above, hPSMS.l ^ 
into oifferent £- coll expression vectors 

N _ teminall y His-tagged versions of the expressed 
recombinant proteins using vector P MCT6, 
versions of the proteins expressed wit th P e 
seqU ence which directs the piotein , o - P ^ 

Q t v-= e. coli bacteria v&my 
space o. ^h. i - expressed as a C- 

■ = ^ the recombinant proteins expi- 
versions o- the re prote in (MBP) 

terminal fusion protein to mal.ose 
using vector P Mal-p2. 

so £ar , a <u «lcl.nt expression fr- »y of these 

constructs has not been obtained. 

~a ■; n F coli while a 
similar expression .evei __^^^^^ at - presW ce of - 
™^^™;:r^ s 7ZZl. =an 

inh ;» r « «« h — si= ' ue made two 9enetlc 
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constructs of hPSMl.l and h?SM6.1 without cytoplasmic domains. 
However, ::i E.coli expression experiments tnere were only weak 
expression of these -cyt gene products. 



Expression 



of hPSM mutants in Pichia pastorls 



5 In order to express the hPSMl.l mutant protein from the yeast 
Pichia pastoris, the hPSMl.l sequence has been subcionec into 
one two different expression vectors pPlCZaA and pGAPZaA, and 
the sequences have ceen verified. 

Expression of hPSM mutants in mammalian cells 

10 As mentionea above, hPSMl.l is currently being subcloned into 
the mammalian expression vectors pcDNA3.1(+) and P ZeoSV2 and 
these constructs could be used for expression in e.g. CHO 



DNA vaccination 

15 DNA vaccination would, if effective, be very well suited for 
one PSM autovaccine - especially because this administration 
form has been shown to promote both CTL mediated immune 
reactions and antibody production. Therefore, it was the 
intention to perform a parallel study with the aim of 

20 investigating the effect of DNA- vaccina t ion of mice with 

appropriate vectors encoding immunogenized mouse ubiquitin 
and/Dr mouse TN Foe . DNA vaccination with hPSM (ana/or mutants) 
encoding naked DNA will also be dene. 

Feasibility study using immunogenized ubi<juitin for DNA 
2 5 vaccination 

A feasibility study stating the effect of DNA vaccination with 
an immunogenized self protein was performed using ubiquitin 



from ovalbumin (UbiOVA) as a 

ubiquitin were subcloned into 
pcDNA3. 1 (-) - 

iTffirun ^ed with 40 ug pcDNA-UbiOVA 
5 Coups of 5 BALB/c mice were ~ ntramuscularly in the 
or pcDKA-ubiquitin construct e ^ q£ 

^.dricep. or intr.denn.lly. An cent r o ^ 

incomplete Freunds adjuvant. 

, r -,v and the ant i-ubiquit m antibody 
The mice were bled regu a . • ^ vaccinate d UbxOVA groups, 
tit ers were determined. ^ obtained . 

only very we.* .nti-ubiqu^n -ntxbody^ ^ ^ 
15 Subsequently, all c,_oups " e ^ ordet to dete riiu.ne 

"«" ndS -'"t*^ ,and not „bl q uiti„, could 
„ heth « MR ;r:= . touards obiovR piotei „. The 

potentiate tne anuu *- h ere was no 

20 Signlf r^up", a 1 »ic developed strong anti-ubiquitm 
T^'sZl: s^le UbiOVA^A boost. 

DNA vaccination using hPSM constructs 

vec-o^-s are constructed for 
Currently, mammalian ex P reSS1 °* ^ cci ~ at ion experiment using 
25 the purpose of ^~ ' and hPSM1 . ! are subcloned 
hPSM constructs. nPSMO^O h PSM ^ ^ ^ Leader 
into pcDNA3.K + ) andpZeoS - ^^^ ei4(PS(H>tt t« J *i» 
"sequences to anow 



vivo . 
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Purification/characterization of HIS-tag-ged hPSM (437-750) 
(HIS-PROSII0 . 0) 

HIS-tagged wild rype hFSMII ( H 1 5 -PROS 1 1 0 . 0 ) was expressed from 
pE723b, ana solubilized inclusion bodies were applied to a gel 
5 filtration F?LC column and eluded in a buffer containing 3 M 
urea. Fractions predominantly containing hPSMII were subjected 
to various refolding conditions to optimize the procedure. 
Solubilized product dialyzea against a Tris buffer was 
estimated to be more than 90 % pure using si lver-s tamed SDS- 
10 PAGE . 

Rabbits were immunized with the purified HIS - PROS 1 1 3 . 0 in 
order to use the resulting antiserum for detection and 
oossibly affinity purification of the hPSM mutants. 

Purification/characterization of soluble hPSM (PROS^O.0) 

15 Wild type hPSM lacking the cytoplasmic and transmembrane 
parts, PROS^O.O, has been expressed in the E. cull strain 
BL21<DE3) upon induction with IPTG and could be detected in 
inclusion bcaies. S'JS-PAGE of this bacterial lysate followed 
by Western clotting with mouse ant i -H 1 S - PRC S 1 1 0 . 0 showed a 

20 product with the expected migration. N-terminal sequencing of 
the first five ammo acids of this product eluted from an SDS- 
PAGE gel showed the expected sequence corresponding to human 
PSX. The product was subjected to a large series of 
solubilization and refolding experiments. A product which stay 

25 m solution can be obtained in a Tris buffer without 

denaturant or recuctant, but SDS-PAGE analysis reveals that 
the material prcbably forms large aggregates. However, it is 
still tne intention to immunize mice and rabbits with this 
material in order to get antibody against h?SM e.g. for 

30 analytical purposes. 
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we ,, trying to apply a refolding system based on 
Currently, we ar~ t_y g r , ,^ ation of a HIS-tagged 

a Ni-chelate column to the pur^i-ation 
version of PROS-0.0 (H1S-PROS-C . 0 ) . 

h * washed E. call inclusion bodies of PROS^O.O has 
A batch o. - n Qf _ rabbits to genera ,e a 

5 been preparec .or sec tion 3.5.2). 

Approximately 

ma terial contained was PROS.0.0. 

x. ^ vd5M nectides for immunization 
^ration of KI,H-con jugated hPSM peptxd 

immunological carrier m peptides 

, ■ ab ie to recognize hPbM. me« v 

antiserum which flanking ?SM amino 

contain the PSM E cell epitope plus 
15 acids in each end. 

The peptides were made by automatic synthesis, HPLC purified 
and coLrol-seguenced using Edman degradation. 

. . cally linked conjugate was prepared by cross-linking 
A cnemically ontairing hPS M oeptides KLK using a 

2Q the B cell epitope ccnt.-xng as fch . cross _ 

standard 1-step procedure with . 
linking agent. 

Sy n_i S of and P30 ^ ^ — *™ 

Six pe Ptld es have been designed which correspond to ^ and 
25 P30 epitopes with ± f lanking_ hPSM e ^^^^ites 
flanking amTnoTacids correspond „o fne ep P 

^ in The peptides will be used m e.g. 
6 , 8 and 10. The P e P ^ such as 

proliferation assays, but a s ^ 
ELISA or other in vitro assays. P 
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PSMpecOC"? 


F 2 iriser-ed i r. 


hPSM insertion 


position 


6 
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hFSK insertion 
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5 PSMpepOOS* 


P 2 inserted in 


h?SM insertion 


position 


10 
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PSMoeoOlO ?30 inserted in nPSM insertion position 6 

NSRLI , FN N FTV S F W L P V P KVSASH LE V DC T P 

PSYipeoOll P30 inserted in h?5M insertion position 8 

10 VV.RK FNKFTVSFWLF V P KVSASHL5 S FDSL 

PSMoep012 P3 0 inserted in hPSM insertion position 1C 

T M-T.F. FNNFTVSFWLF.VPKVSASHLE PSSHN 

The P2 and P30 epitopes are underlined. The peptides were r.ade 
by automatic synthesis and are currently in the process of 
15 HPLC purification ftliowed by control-sequencing using Edman 
degradation. 

Immunogenic! ty assays 

Different experimental setups have been initiated in oraer to 
produce materials and establish immunogenic! ty assays for the 
20 future testing of and selection between the mutated PSM 
const r uct s . 

Generation of polyclonal rabbit aft ti-HIS-PROSIIO . O and anti- 
KLH-PSM-peptide conjugate antisera 
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Two rabbits were immunized with purified HIS-PROSII0 . 0 , the 
HlS-tagged C-termir.al part of the hPSM protein (amino acids 
4 37_750) emulsified 1:1 with complete Freunds adjuvant and 
boosted twice (at days 23 and 55) with the same antigen 
5 emulsified in incomplete Freunds adjuvant. 

Two rabbits were immunized with a cocktcil consisting of the 
KLH-PSM peptide conjugate plus each of the three free 
peptides. These three peptides each contain a previously 
defined B cell epitope of hPSM. The cocktail was emulsified 
10 1:1 with complete Freunds adjuvant. The rabbits were boostec 
twice (at days 28 and 55) with the same antigen emulsified in 
incomplete Freunds adjuvant. 

Cross-reactivity between anti-HIS-PROSHO . 0 and PSMpepO05 and 
cross-reactivity between anti-KLH-PSK peptide conjugate plus 
15 peptides and HIS-PROSII0 . 0 was demonstrated in ELISA assays. 
The anti-HIS-PROSHO.O antibody has the ability to recognize 
native hPSM in lysates of LNCaP cells in Western blotting. 

Immunization of rabbits with E. aoli inclusion bodies 
containing PROS+0 . 0 

20 Two rabbits have been immunized and boosted several times with 
washed E. coli inclusion bodies of PROS^O.O. Sera was 
obtained, but they did not react with hPSM in Western 
blotting. These rabbits will next time be boosted with with a 
preparation of soluble, but aggregated PROS-0.0 (see section 

25 3.4-2) to hopefully enhance the hPSM reactivity of the 
antisera . 



Immunization of mice with retrovirally expressed hPSMO . 0 

At this stage of the ?SM project, a serious obstacle is still 
the lack of antibodies which are able to recognize correctly 
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folded native hPSM. Therefore, an immunization experiment 
using recrcvirally expressed hPSMO.O was performed. 

Six groups of 3alb/c mice were immunized with either: 1) 
mitomycin d treated BALB/c fibrosarcoma ceils (79.24.H8) 
5 transduced with hPSMO.O cSNA ( SMV-Ko z-h PSM ) , 2} mitomycin C 
treated SAL3/c fibrosarcoma cells (79.24.H8), transduced with 
emoty vector (CMVBipep), 3) packaging cells (BOSC) transfected 
with hPSMO.O cDNA (CMV-Koz-h PSM) , 4> packaging cells (BOSC) 
transfected with er.pt y vector (CMVBipep;, 5) retrovirus stock 
10 expressing hPSMO.O cDNA ( CMV-Koz-h PSM) cr 6) retrovirus stock, 
empty vector (CXVBicep) . 

j\t several time points, the mice were bled and the sera 
obtained tested for reactivity in ELISA f ^r reactivity against 
HIS-PROSi 10 . C . Unfortunately, none of the mice developed 
15 antibodies able to specifically recognize the HI3-PROSI 10 . 0 
prepara tior. . 

Generation of monoclonal anti-hPSM antibodies 

In order to produce a panel of monoclonal antibodies for trie 
use in detection and analysis jf mutated and wild type hPSM 

20 proteins, immunizac ion of mice has been initiated. BALB/c mice 
were immunized by subcutaneous injection of 100 ug purified 
HIS-PROSI 10 - 0, the HIS-tagged :-terminal part of the hPSM 
protein (artino acids 437-750). The protein was emulsified with 
an equal volume of complete Freund's adjuvant for the initial 

25 immunization, and with incomplete Freund's adjuvant for the 

two following booster injections [at days 14 and 29) . The last 
booster injection at 3 days before the cell fusion will be 
performed using 5xl0 6 irradiated LNCaP cells in PBS per mouse 
injected intraper i toneally . 
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However, this experiment was discontinued until a well- 
characterized full-length wild type hPSM is expressed and 
purified . 

Generation of anti-hPSM polyclonal hybridomas 

5 We are currently preparing an experiment where mice will be 
immunized with a preparation of soluble, but aggregated 
PROS.0.0 in a physiological buffer plus FCA. After several 
boostings, spleen cells of these mice will be fused to e.g. 
X63 myeloma cells. The intention is to use antibodies secreted 
10 from lines of such fused cells directly for analysis purposes 
without cloning of the hybridoma cells. 



Establishment of an anti-hPSM ELISA 

Purified HIS-PROSIIO.O was used for coating polystyrene 
microtitre plates (Maxisorp) for the purpose of establishing 

15 an ELISA assay for testing e.g. hybridoma supernatants or 
mouse and rabbit antisera. Sera from BALB/c mice immunized 
with the same preparation of HIS-PROSIIO.O were reactive with 
rhe immobilized HIS-PROSIIO.O at 0.5 pg per well using horse 
radish peroxidase labelled rabbit anti-mouse Ig as secondary 

20 antibody. 

As mentioned above, the ability of an antiserum raised in 
rabbits against KLH-PSM P e P 004-PSM P ep005-PSM P e P 006 conjugate 
mixed with the free peptides to react with immobilized HIS- 
PROSIIO.O was demonstrated using this ELiSA assay. 

25 Using AquaBind® microtitre plates (cf^ the disclosure^ in WO 

W0353T) describing i.H . micHtltre surfaces-^oatell witTT 

tresyl-activated dextran which are now marketed under the 
registered trademark AquaBind), an ELISA using immobilized PSM 
peptides (PSMpep004, PSMpepOOS and PSMpe P 006) was established. 
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AcuaPindC^ plates coated with these peptides could detect a 
race it antiserum raised against the same preparation of 
antra en. As mentioned above, rabbit ant i -HI 3- PROS 1 1 0 . 0 could 
be detected on AquaB ir.d-'H; plates coatea with PSMpepCOf. 

5 Establishment of an anti-hPSM Western blot using LNCaP cells 
and monoclonal antibody 7E11C5 

7F11C5 3 cell hybridomas which secrete mouse IgG2a monoclonal 
antibody against 3n intracellular epitope of human PSM was 
purchased from ATCC . Culture supernatant from approximately 90 
10 I ae ad cells was collected ana used in Western blotting for 
detection of human P3M in both membrane enriched preparations 
of LNCa? cells as well as in LNCaP cell lysates. This antibody 
was purified using protein G ctlumns, and its reactivity with 
LNCa? in Western blotting verified. 

15 Establishment of a FACS method to detect hPSM on LNCaP cells 

We are currently working on establishing a FACS method to 
detect nPSM dt\ LNCa? cells. Several problems are being 
addressed: The LNCaP ceils jrow very slow and in irregular 
clumps, and therefore the met ho a to prepare single cell 

20 suspensions should be optimized. Secondly, the epitope 

recognized by the mAb 7S11C5 is in the literature defined tc 
be in the cytoplasmic domain of h?SM. Therefore, the method to 
fix and perneabilize the cells is being developed. For this 
purpose, protein G purified 7E11C5 antibody has been FITC 

25 conjugated and can thus be used without secondary antibody in 
FACS analysis. 

Generation of mouse CTX target cells expressing mTNFa or FGF8b 

Since it will probably take some time until mouse ?SM mutants 
are available, it has been decided to perform a parallel study 
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with the aim of establishing a conceptual proof that an 
a-t-var-cine constructed by M.E's patented technology is aole 
to induce a CTL response in the recipient. Immunogenized mouse 
FGF8b and TNFa molecules will be used as model autovaccmes , 
5 a-ci CTLs will be isolated from mice immunized with these 
m olecules and tested for their ability to lyse MHC class I 
positive target cells which express FGF8b/TNFa . 

current work being performed in this study includes the 

subclonmg of murine wild type FGFBb and TNFa cDNA sequences 

10 mto retroviral vectors. These vectors will be used for 

intracellular expression of these molecules in target cells 

w ^ch are necessary tools for the detection of FGFSb and TNFa 

specific CTLs. Murine TNFa cDNA has been cloned into the 

retroviral vector CMVBipep using BamHI-Ncol adaptors -coding 

15 a Kozak sequence. Transductions of CTL target cells P815 (H-2 ) 

and EL- ^ (H-2-) have been performed using the TNFa vector, and 

the presence of the retroviral constructs in the transduced 

cer i.nes has been verified by PCR analysis on genomic DNA. 

However, the expressed TNFa gene products has not been 

«- Tn narallel the same target cell lines have 
20 detected yet. In parallel, i-u- ^ 

been transfected with pcDNA3.1(-> constructs encoding mTNFa 
cD NA, and geneticm resistant transf ectants are currently 
being cloned. 

Establishing a cytotoxicity assay 

25 A method to purify dendritic cells from mouse bone marrow has 
been implemented. Using model proteins, immunization of nuce 
w'th dendritic cells pulsed with model class I peptides and 
protein has been optimized. Also, mice have been immunized 

- ^tn-^de-*^*^^ 

30 of ISCOMS. T-cells purified from immunized mice have been m 
vit ro restimulated with different forms of the corresponding 
antigens. The ability of these restimulated CTLs to lyse 
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different kinds of target cells (including pulsed dendritic 
ceils as well as t ran s feet ant s expressing retroviral! y 
expressed cytDSolic class I peptide; was sue sequent 1 y 
measured. Two different in vitrc assays measuring CTL. activity 
5 nave been established, using either chromium release or and 
DNA fragmentation (JAM method) as measures cf cytotoxicity. 
Very nice results were obtained with the g-galactosida.se model 
protein and witn various ccmoinacions of MHC class I and class 
II binding model peptides. 

13 The conditions for this setup are currently being further 
optimized, and subsequently a CTL assay using AutoVac™ 
at ti gens could be established. 

CTL responses raised in mice using AutoVac™ molecules 

Preliminary assays have been set up using mouse TNFa AutoVac™ 
15 mutants formulated in ICOMS as immunization .material, but it 
was decided to further optimize the procedures witn model 
antigens before proceeding to the use of AutoVac""- molecules 
f ■:■ r i mm unizat ion . 

in vivo PSM tumor models 

2 0 Mouse T cell proliferation assays with P2 and P30 

A series of T cell proliferation experiments has been 
initiated in order to establish the T cell immuncgeni ci t y of 
P2 and P30 peptiaes in various mouse strains (BALB/cA (H-2 d ), 
C3H/Hen !H-2 k ) , DBA/1 (H-2 3 ) and C573L/6 (H-2 fc ) ) . It is well 
25 known that these epitopes are promiscuous in humans, out the T 
cell promiscuity also needed to be confirmed in mice using 
M&Es experimental setup. It was thus shown that P30 is T ceil 
immunogenic m the BALB/cA and C57BL/6 strains whereas neither 
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to be T cell immuncgemc in the C3H/Hen 
P2 or P30 were shewn to be 1 ceii 

'strain. In DBA / 1 , 7 cells could be raised against 
Generation of hPSM expressing mouse tumor cells 

f a hPSM specific tumor model in mice as well as 
For the use of a hPSM spe a panel of 

5 fo r the use in tumor cell establishe d. The 

hPSM expressing mouse tumor cell. - " ^ S transduc mg the 
intention was to generate these cell lines cy 

Torse „U U, S with .,0^1 vectors e,^ the 

full-length wild type hPSMO.O cDNA. 

-0 Thre e different constructs encoding full length wild type cDN, 
" ing human PSM inserted into the polyclo ~« <* ^ 

retr ovi E .l vector CMVBi P e ? was ^ ^ ^' s ^ codon . 

containing a short Kozak sequence upstream of 

n^ructs wre transduced into three different mouse 
These constructs w^e El6 _ F 10 (melanoma, 

lines- P815 (mastocytoma, H-2 , , Bio 
15 tumor cell lines. bqsc 
H-2 b ) and 79.24. H8 (fibrosarcoma, H2, us_ng 
— g cell l.e. Ceneticm ^^t.nt clones^e^ 
obtained for all three cell types, and it w ver 
analysis on genomic DNA template that the retroviral 
analysis on g Unfortunately, 
20 constructs were integrated in tne hos. 

it has not been possible to detect an expressed 

prod uct in Western blot or TACS analysis using the 7 E _1C5 

monoclonal antibody. 

as ,„ alternate to retroviral transduction, traditional 
25 a e L„s £ ectlons or tne s,„e „o.se t™or c,U ... 

iL.ed u.i„, n.SHO.0 CD S * ■^°"-^^4£ aw - - 

b __. — fSKTA-r^T^~^in3eFThe control o±. tne ^uv 

— exp "^°" G i:i::ir a „d 

lat,e panel or clones are oein, tested in Western 
30 Zll lt ^activity .ith tne .E11CS monoclonal ant.ood,. 
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Establishment of a hPSM specific tumor model in mice 

It has been decided tc establish at least twc in vivo turner 
models in immune competent mice in orcer tc determine the 
anti-tumor effect of antibodies raised m mice against the 
5 immunogenized hPSM molecules. This will hopefully be done by 
injecting syngeneic mouse tumor cell lines modified to express 
wild type hPSM on the surface membrane. Cells which form, solid 
tumors and ceils wnnh are known to metastasize will be used. 
Cell lines which can be implanted in syngeneic mice without 
10 being rejected due tD the presence of the foreign hPSM 

molecule will be used in the mcdel . The ability of the hPSM 
vaccines to eliminate such tumor cells will be used for the 
selection of the hPSM vaccine candidates. 

In parallel with the establishment of hPSM expressing cell 
15 lines, twc different cancer models in mice are currently being 
established using non-trans fected mouse tumor cells. 
Eventually, the experiences gained from these experiments can 
be used when performing the ultimate experiments with mouse 
tumor cell lines transfected to express human ?5M. 

20 In one series of experiments, the metastasis model, different 
doses of B16-F10 (H-2 D ) melanoma cells were injected 
intraveneously m the tail veins of groups of C57B1/6 (H-2 3 ) 
mice. At different time points, 50% cf the mice in each group 
were sacrificea, the lungs were dissected and weighed, and 

25 metastases were counted under a dissection microscope. Using 
these parameters, the metastasis progression was quantified 
and compared for the two groups, and the result was used for 
optimizing the number cf injected cells to a treatable dose. 

In the initial experiments of the solid tumor model, different 
30 doses of ?815 (H-2-) mastocytoma cells were injected 

subcutaneously at the lower right flank cf groups cf metofane- 
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, e <: of the established 

:::i;:r: " - - r < - - - 

diameters groups. 
These values were compared for 

» - - - - opt T" t":/:: d 

investigate more tumor models, e.g. 
congenic A/j mouse strain. 



Conclusions 



st ruction work we have succeeded in 

In the molecular constructs. ^ psM 

10 cloning of the human PSM gene ana ^ 

cDNA is proceeding, although ^ been construc ted. 

sequenced immunogenized nPSM - different wild type hPSM 

The finished hPSM mutants as we ^ ^ ^ and 

mol ecules have been expressed m E ^ ^ ^ 

15 verlfied that the «P"»» i0n le t V ; e 1 c „ teEBinal h .lf of hPSM have 
Polyclonal antibodies again s ^ ^ ^ ^ ^ ^ ^ 

been — ;-;; e ;; b t b ; xp ;; sslon t ag S ^ 

implement diffe.er. P ^ expression systems 

binding protein fusion, periplastic 
f coli inclusion bodies v 
20 alternative E. c ^ purifica tion, 

refolding and characteri molecuie is ongoing. Useful 

exP-ssed ^ ir - ant ^ ll ' h t e yP D ; A vaccine technology have been 
considerations regaramg th was perfo rmed. The 

25 made , and a preliminary ^ ^ ^ be use d 

"-^ n \:::; t I c^een the mutated PSM 

for testing of and sele inmunoche mical assays and^ 

constructs is ongoxng^clud^g^ oTIJTUmor ^ nd 

; establishment of m 

FACS analysis. The syngeneic mouse 

30 metastasis models in ^e us g ■ ^ ^ ^ purpQSe 

tu mor cells has been ^ ^ of T ce il 

are currently being established 
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proliferation assays have been performed in order to select 
" the mouse strains for the tumour models. CTL assays are being 
ectiir.ized, and nice results with model antigens have been 
obtained using different inrtur.i cation methods and assay 
conditions. Furthermore, target cells for use in the 
conceptual study to demonstrate CTL induction by autcvaccmes 
are being established. 



EXAMPLE 



Production of a Her-2 autovaccine 

10 A human autovaccine against Her-2 can ee developed through 
modification of the molecule by insertion of one or more 
promiscuous foreign T cell epitopes to reveal a panel of 
immunogenised Her-2 molecules. These modified proteins will be 
tested for their ability to induce antibodies which are cross- 
15 reactive with the native parts of the Her-2 molecule. 

Subsequently, in several in vitro assays and in vivo animal 
models, the efficacy of the different constructs (as may be 
tne case with the DNA vacc innat ion ) and modified proteins will 
be evaluated. The induction of specific CTL responses against 
20 Her-2 bearing tumour ceils will be analysed. Also, tne induced 
antibodies will be tested for their ability to activate 
complement via the classical pathway and to initiate A3CC via 
Fc-receptors. Finally, the different modifies molecules will 
be tested in animal models of human breast cancer to examine 
25 their effects on the treatment of tumours. 

Immunogenic rat and human molecules will be constructed with 
promiscuous T-cell epitopes at different positions in the 
molecule . 



hif *i,.t«jR.*it.-v»:n. =k i ■ »ppi«::. , !'i<.'i?"-i-"- 3i 
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py^racellular domain of 
■ „ ^mnation against the entire ex,racen 

I"M e Is a ....im, <* so„e de.tee of cro.-..ct l on 

£ th . a „t ib odte, with other "ceptors since J 

t v.«- l-ol»,=»= by UP to 40-46, »n the 

5 I««=.lUr Covins. Therefore it is planned that the 

I " tenons of H.r-2 would ,e disrupted Oy inserting 
r.i,n T =.11 .Pi«pes at least in so- of the edified 
proteins (see below for details) . 

nf Her-2 that may potentially be CTL or B-cell 
Regions of Her z t-imi. j 

Fig. 3- The rationale for using tries e po 

.he »u„an »er-2 se q ue„ce can be divided into a nu»ber of 
based solely on the primary — ° f th - ^ 



1S ■ 1 . 173! oo-a.n I <«-t.r«l«.l dcarn of „tu« poiypeptide, 

114 -323, Do.axn » (Cysteine rich domain, 24 cysteine 

residues) - 

Do-in III bindih, domain i. the ho„oio,ou= 

20 EGF receptor) . 

• ~v frvsteine rich domain, 20 cysteine 
4S4-623: Domain iV (Cysteine - x 

residues) . 

■ „ ( tm resudues from 654 - 675) 
624-654: Transmembrane domain (TM resuau 



25 e 5 5-1010: Tyrosine kinase domain (core TK do„,in fro. 72, 

992) . 



K fc E 3 :D:ec.n;Au:oVaCr, DK 1 - - a -FF - 
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1011-1235: C-terminal domain. 

Selection of sites in the ar.mo acid sequence of HER2 to be 
displaced by either the ?2 cr P3D human T helper epitopes nas 
ceen done considering the following parameters (loosely 
5 orioritised) : 



1. Known and predicted CTL epitopes 

Homology to related receptors (EGFR in particular) 
Conservation of cysteine residues 
Predicted loop, oc-helix and 3-sheet structures 
Potent lal N- :: lycos y la t ion sites 

Prediction of exposed and buried amino acid residues 



IC 



o 



The 



7. Domain organisation 

CTL epitopes appear to be clustered in domain I, domain 
IIT, the TM domain and in two or three "hot spots" in the TK 
15 domain. According to the- invention, these should be largely 
conserved . 

Regions with a high degree of homology with other receptors 
are likely to be structurally important for the "overall" 
tertiary structure of Her-2, and hence for antibody 
20 recognition, whereas regions with low homology possibly can be 
exchanged with only local alterations of the structure as the 
consequence . 

Cysteine residues are often involved in intramolecular 
disulphide bridge formation and are thus crucial for the 
25 tertiary structure and should preferably not be changed. 

Regions predicted to form oc-helix or p-sheet structures should 
preferably be avoided as insertion points of foreign epitopes, 
as these regions are probably important for the folding of the 
prctem . 
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■ ..res should preferably also be 
Potential N-g lycosylat ion si • ^ by 

conser ved because mannosyiat ion of th P ^ 
expression in yeast) is desired, c 

receptors on APCs . 

5 p.egions predicted (by their ^^ZZ^^ 
interior in the moiecu le P r ; > V _ ^ solvent 
rhese could be invoved^ posi.ions for 

exposed regions could serve 
insertion of the model T„ epitopes P2 

. n , the protein has also been 
10 Finally, the domain organisation o. th P ^ 
tak en into consideration because o. it- 
structure and function. 

has be en to conserve the structure 
The f ocus of the strategy h.. ^ ^ ^ ^ 

of the extracellular oar ^ ^ relevant as 

15 because this is the part of the P ^ ^ 

target for neutralising J bound H er-2 on the 

+- ^-f native membrane 
intracellular part of nat. humoral immune 

surface of cancer cells is inaccessible - 

system. 

„f CTL epitopes gives reason to 
20 Hence, only the presence ot ^ . he refore obvious to 

include this part in a vaccine. . ^ ^ , fc . s 

place one or more epitopes here - - ^ £ 

possible to express the full lenq ^ ^ 

coH or in yeast, the mtrac lul « P positi on 800). 

25 after the first CTL epitope hot ; ^ ^ ^ ^ c _ 

^t 1 ;:;^:-:^,,. 

terminal end ot^tne . 

. . w is an independent folding 
The transmembrane region P^bably i ^ ^ ^ ^ 

unit ana substitution ^ ^ ^ m and folding. 
30 P30 will probably not af.ect 
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In addition, the TM domain might cause great problems for the 
expression in yeast and ccii and should in any case be 
substituted. Thus, an epitope should preferably be placed in 
this domain m all constructions '.perhaps leaving it intact m 
5 1 construction as it ccntains several CTL epitopes and because 
it is somehow involved in transmission of signals upon ligana 
binding) . 

The extracellular domain could principally be kept intact by- 
placing P2 and F30 in the intracellular and transmembrane 

10 dorrains, thereby maximising the number of potential B-ceil 
epitopes and interfering as little as possible with the 
structure. However, the high degree of homology to EGFR and 
Her-3 and Her-4 make a risk for cross reactivity to these 
receptors which may [or may not} be undesirable. In addition, 

15 some monoclonal antibodies have been describee which function 
as agonists for the receptor {perhaps by stimulating 
neterodimensation or ligand binding) and increase tumour 
"size, in vivo. Positions in the extracellular contain nave 
therefore been selected which thereby hopefully will reduce 

20 these risks. 

this selection has involved ail of the before mentioned 
parameters and has been based on two different as surtpt ions : 
(i) Insertion in non-conserved (with respect to related 
receptors) regions will help to maintain the tertiary 

25 structure and might reduce unwanted activation by antibodies, 
(n) Insertion in the well conserved regions can alter the 
structure, out might at the sane time reduce the risk cf cress 
reactivity by destroying the most related sequences. Beth 
assumptions are speculative, but as it is very difficult to 

30 predict the effect of placing an epitope in any position of 
the protein some of these positions have been included in the 
const ructi ens. 



-^irant-p^e to remove 
, . • . h ,t it could be an advantage t 
It has been speculated that - These are predated 

the two ,3 t e,e rich ^ and could ^ 

to form solvent exposed loop ^ ^ dimerlsatlon (a s 

independent folding unit, , pe r P - ^ ^ ^ ^ , 

, indicated by the .any cyste- dimerisation domain) . 

rigi d structure necessary to ^ elimlnate the risk 

Deleting these structures might th ^ Qf 

of action by antibodies as we ^ ^ most well 

cross reacting antibodies as the ^ ^ 

produce xn E. «li or yeast celxs. 

- s follows using the P2 and P30 
Th e details of construes ar « ^ epitop e will be 

epitopes as non-limiting examples^ combination 
,-^rPllular domain ot Hex 
15 placed in the extracelluia q£ the 

Lth the P30 epitope ^ ^ - * ^ 

.embrane spanning discussed above. The 9 highest 

9 re gion basea on the cri. ^ ^ _ _ ^ Also see 

and the 5 low priority con "^ tlon D f the construct 

20 figure 3 for a diagramatic represent* 
with highest priorities. 

Her-2 constructs are: 
The highest priority Her 2 ^ ^ iQ5 _ 119) , Her _ 2 

Her-2 (P2 in positions 61-75) ^ ^ ^ ^ 252 _ 266) 

(P2 at 151-165), Her-2 (P2 a - ^ Her _ 2 (P2 at 

25 Her-2 (P2 at 327-341), Her-2 (P2 a. 

2 467 -«31,. and Her-2 <P2 at 

Th e lower priority Her-2 "f^^, Her _ 2 lP2 at 221- 
Her - 2 (P2 at 72-86), Her- ^ ^^^-^H— - 
235), Her-2' f?2 at 257-271) , an^er^ 

riscrib ed the models that are intended for use in 
30 Below are ^™ n of modifl ed Her-2 proteins. 

the screening and seiet 
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1. Induction of antibodies in transgenic rat Her-2 rr.ice and 
in rabbits to rat and human Her-2, respectively, will be 
investigated by conventional ELI SA technology after at 
least three immunisations. Commercially available 

5 antibodies to human and rat Her-2 will be used as positive 

controls . 

2. These rabbit antibodies will be used to stuoy the putative 
inhibition of growth of human and transgenic mouse tumour 
cells overexpressir.g Her-2 in an in vitro model. 

1C 3. T ceil proliferation of ?BL from tetanus immunised 

oatients towards selectee human Her-2 molecules will be 
investigated by conventional methods. 

4. The ability of modified rat Her-2 molecules to induce CTL 
responses in rat Her-2 transgenic mice will be studied 

15 using tumours from these mice as targets. 

5. It is intended to synihesise a selected set of peptides in 
the transmembrane region of human Her-2 encompassing P2 
and P30 epitopes. These peptides will be tested in 
proliferation of PB1 from humans previously immunized with 

20 tetenus toxoid to determine whether F2 and P30 epitopes 

could be efficiently processed out from within the Her-2 
sequences and presented to T cells. 

6. It is quite possible that selected human modified Her-2 
proteins will be tested to generate neutralising 

25 antibodies in a mouse that has been genetically 

constructed to enly expresses human VDJ genes. Such a 
mouse is available frtm Abgenix, Fremont, CA, U.S.A. as a 
collaboration . 
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onir ^use models for breast 

Four .u-= t a H c tms:: h . v . _ 

cancer that contains He " activated Het-2 

Ih e first three transgenic «« «P* inactivat ed Het-2. 

. M1 model s utilise an MHTV promote- 

m arm\ary glands. 

. i - . i) a more 
' h d to use two transgenic mice moaels- 1 
We have decided to us ^ ^ using 

aggresS ive tumour d ^ et , 1# a989) anO 2) a less 

a— d Her- 2 oncoge . M 1 ^ Her _ 2 1S used to 

L 0 aggressive tumour model y (Guy et al/ 

crea te focal — r Y ^ ^ and/or 

1Q9?) . Both transgenic nu.ce are pu 

Charles Rivers Laboratories. 

. ts t ,ese mice are allowed to produce 
In the initial experiments, th ^ bQOSting with 

15 an tibodies and «L responses *y ^ ^ ^ ^ ^ be 
ro odif,ed rat Her-2 protein - ^ ^ ^ Guy 

investigated as described by others ^ ^ ^ 

et al, 1932; Katsumata et ax, ^ fee 

measured by an ELISA assay The ^ rat „er-2 as 

20 determined by generating target 
mentioned above. 

ft carcinoma model can be 
Alterna tively, the nude mouse ^ mice can b e 

used for passive vaccination P of tumours 

tra ns P lanted with human tumours a„^ ^ ^ ^ 
25 could be attempted with Pj " ^ proteins . 

cr huM „ised mice ^ studylng the role of antibody 
whll e this would be usef ^ f ° y cannot b e directly 
in suppressingjumours, ^ act _ 



-measured in" this system. 



in mice would also be 
30 in the second in vivo ^7 lM . tEOT t„ours ot 

generated by transplanting = --" 
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transgenic nice cescnbed above. Cell lines generated from, 
these mice would ice transferred into relevant mouse strain and 
localisation established using standard protocols. 

Transfer of mouse tumours ceils over expressing rat Her-2 : 
5 In this system, cells will be transfected with rat genes ana 
transferred into MHC compatible mice. Inhibition cf tumour 
growth would be achieved by generating anti-Her-2 responses. 

in these systems; modified Her-2 proteins would be used as 
vaccine in adjuvants to generate antibodies and CTL responses. 

10 DNA vaccination has been used successfully in several systems 
to mount an effective immune response. We are currently 
investigating means of DNA delivery using modified self 
proteins. It is our intention to utilise DNA vaccinatiDn 
approach to determine effects of modified Her-2 constructs in 

15 inhibiting tumours in transgenic mouse models of breast 
cancer. Similar approach can than possibly be applied in 
humans for the treatment of this disease. 

EXAMPLE 3 

Production of an anti-FGFSb vaccine 

2G In the following it will be described how a human auto vaccine 
against FGF8b can be developed through modification of the 
molecule by insertion of one or more promiscuous foreign T 
cell epitopes to reveal a panel of immunogeni z ed n FGF8b n 
molecules. The constructs will be tested for their ability to 

25 induce antibodies that are cross-reactive with the authentic 

parts of the FGF8b molecule. Subsequently, m several in vizro 
assays and in vivo animal models the efficacy of the different 
constructs will be evaluated. The induced antibodies will be 
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, - ed fo ^ their ability » activate complement via the 
^ l hwav ard initiate ADCC via 

classical pathway and animal 
rinally. the different molecules wil. oe 
models of human prostate and breast cancers. 

5 Construction of an autovaccine against FGF8b 

thP murine and human FGF8b 

both nunans and mice. 

- tr-x^n T helper cell epitopes P2 and 
The promiscuous teranu, tox n T P ^ ^ 

. 0 P3 0 used with success in t e to the small size of 

_ uzw?07-3l9 and other i v_ej.x ^ 
haemagglutinin epitope HA(307 (0 . S ullivan 1991). 

„. lr i a i s o be considered =>uij- 
15 discussed herein could a_so oe 

construct, «. O" t*e "'"J alignment o£ FGF2 

sh °™ '", F n e I.. \«» »■»'>"■ ° £ the 

20 and FGFSb (Figure 2) use bet ,- 5 „e.t distribution! 

pI d secondary .«u «« ^ ^ t „ ldues 

along tne aolec ^ cluster 

th at ,r« conserved between ,.P 2 ^ ^ lndlcates 

a„ y „h«re on t„e tntee-di-nensiona! ■ ^ 

25 that tnere are no particular W - ^ ^ 
cannot te replaced without havrn, ^let. ous ^ ^ 
f oldin, capabilities. Tn= a„i no act s due i ^ 

——close to each other tnree ^ 
<-v^t- thev form a disulfide nona 
30 indicating that tney 
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flexibility 



of 



the N -terminal part c 



was also 



ccns idered . 



The variant of FGF8b with the F30 epitope in the N-terminal 
;F3UN) was designed on the basis of no-gap alignments of the 
5 amino acio residues of the FGFSb protein and the P30 epitope 
{ FK N FT V S FWL RV P K V3 A S H L E ) , and scoring tne different positions 
with regard to chemical properties of every amino acid 
residue. Only the region N T - terminal ly of the predicted 
oeta-barrei structure was considered. In the case of F30N, 

10 there are 9 similar out of 21 residues. Using this 

pseudo-algorithm, the substitutions would be expected tc 
result in minimal overall structural Changes. The sequences of 
the four different constructs, as well as three-dimensional 
representations of tne replaced amino asids are shown in 

15 Figure 6. 

The variant of FGFSb with the ?2 epitope ( QY 1 KANSKF IGI TEL ) in 
the O terminal (F2C) was initially designed as F30N. There is, 
however, predicted a good Kd epitope at positions 19 5-20 3. 
Therefore, the P2 epitope is inserted just C -terminal of this 
2 0 eoitope. Again, only the region C- terminal of the predicted 
beta -barrel was coos idered. 

Tne internal variants of F3F8b (F30I and F2 I ) were constructed 
by replacing external loops in the FGF2 structure with tne 
epitopes P2 and P30, respectively, whereby the beta-barrel 
25 structural backbone of the FGF structure presumably will 
remain unchanged. 

The immunogenized FGF8b molecules will be expressed in 
Eschericia coli, wnich facilitates large scale production of 
tne proteins at minimal costs. Appropriate expression vectors 
30 will be obtained comm.ercial iy . Although, FGFSb contains two 
potential N-glycosyiat ion sites (Asn31 and Asnl77), 



126 



_ pppoh h as been shown to be 
ba cterially " OTblMn i ; 9 n "lit 1997,. in order to 

biologically act.ve tMacAr ^ the FGF 8b variants will 

facilitate purification and . ng 
be produced in a HiS-tagged vers, - V _ _ _ } 

5 coupling to a Ni-charged c=iu,n possible 

-i be cerformed utilizing the 

kigh „.«iv. ';;;;; fot P Md U3ing standard procedures 

and « dls „:frde bridge into account, 

talcing the formation of tne 

The four i^unooen-i.ed ,*» ^T^r^^" « 

— an. 7 h : £ :: £ ;::t .m ^ 

purified ir.ciusron <°°^"- valious effects, «hr=h 

b e compared for their aerify 6[11!t can cer 

-.5 are desrr.d in tne treatment of prost ^ 5e „ eral 

pat ie„ts. Such ,»« tig.tions - 1 lb P ^ of 

Afferent in vrtro and r„ vrvo assays. 

^-n form the basis tor 
th e „p«l«n» -i 1 . ~ FGF30 vaccrne in humans, 

of one or two candidates 

20 in vitro models 

Analyses in the murine system 

ii rabbits will be 

Mice of different haplotypes as wel complete 
immunr.ed »ith the different !<S F8b con _^ ^ 

Thus, the aDiinj w_ 
tolerance can be compared. 



MiE 3iOt C ch '*uto^-- ^ 
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Serum samples will be obtained at several time points during 
the immunization schedule, and the ability of the different 
constructs to induce FGFSb specific antibodies will be 
determined using a conventional ELI SA method (Rochor. 1994). A 
5 commercial p:ly:-cnal antiserum raised against FGFSb (R&D) 
would be used for positive controls. One monoclonal antibody 
is described in. the literature (Tanaka l^S). Unfortunately, 
tnis anoioody is not commercially available. The FGFBb protein 
is commercially available (R&D) but will also be produced 
10 along with the other FGF3b constructs and subsequently 

purified/refolded. This product can then be used for coating 
of elates in a direct ELI SA for testing the sera from, 
mice/rabbits immunized with FGFSb variant proteins. 

A valuable tool for investigating the effects of vaccinating 
15 against FGFBb will be a FGF8 b dependent cancer cell line. 

Several FGF8e positive cancer ceil lines, e.g. MCF-7 or SC-3, 
are described m the literature. The dependency on FGF8 b will 
be tested in cell proliferation assays using antiserum raised 
against FGF8b mutants. 

20 The presence of FGFSb ligated to a FGF receptor on the ceil 
surface will be detected with FGF8b specific antibodies in 
FACS or ELI SA analysis. Antibodies directed against several of 
the different FGF receptors are commercially available (R&D). 

The constructs will be compared with respect to their ability 
25 to induce antibodies capable of activating complement lysis of 
F3F8b producing / bearing ceils. This can be detected with one 
of the mouse tumor cell lines expressing FG F8b described 
earlier. Sera from normal or transgenic mice (see below) 
immunized with the human FGFSb constructs will be incubated 
30 with the cell line and subsequently incubated with fresh 

guinea pig complement. Antibody mediated complement lysis of 
the cells can oe detected by standard procedures. 
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sicr-release from labeled E GFob 
-rndi°d by measuring the 51Cr rex- 

3tutll - u y „ Q n = will be PBMC from 

expressmo cells. The effector cells ^.1 be 

. r For establishing the assay, it may be 

syngenexc m-ce. For e capab ie of mediating ADCC 

S convenient to use a mouse cell 1 xn. -P-b ^ 
(positive for Fc ( -receptors ) as effector 
against human FGF8b. 

u tha t the FGFBb candidate vaccines do not 
In order ro s » ^ g „ uth » lU also 
somehow promote autoantiooay 

i0 P « £ or„ a ,»»r ^Uf.r.Ucn assav ~ - » ^ _ 

— - " iu on b ::r; ; 15 =.„ ,1 <..»=«* 

cells. Proliferation tne t_u.i. 

by their ability to incorporate 3H-thymidine, whxch 
subsequently is added to the cells. 

■ Fr -8b ^ known to induce proliferation of a range of 
" """I ! ce-- it will also be necessary to examine the 

mammalian ce-_s, proteins. This can be 

growth promoting effects 

done using cell proliferation assays as tne 
1998 . 

using recombinant FGF8b and e g 

( and morphology changes) studies. Additxon of ^ 
autoantibodies should abolish the transforming activity 

25 FGF8b. 

Immunization protocol 

30 obtain statistically signm 
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protocol .t.us: be based on the experience we have fro- the TNFa 
AutcVac Dioiect. Various immunization protocols have been used 
for imnun;zmg mice with the various TNFa analogs for specific 
tcrposes, cut most experiments were performed using the 
5 following prototoi: 

1. The mice should be individually mar Joed either by earmarks 
or with transponders, 10 animals in each cage. Presumably, 
males and females must be evaluated separately, but in any 
case, we will not have both sexes in the same cage. The 

1C animals should be left to rest at least 3 days after transport 
and marking. 

2. Antigen 1 mg/nl in PBS buffer was emulsified with an equal 
volume Freunds complete antigen (CFA) (Cifco or Sigma) . The 
emulsion is checked by placing a crop of the emulsion on a 

15 water surface and it is observed whether the drop holds 

toaether or disperses. Mixing is maintained until the drop 
does not disperse. 

3. The standard immunization dose is lOOug antigen in a lOOul 
volume + 100 pi of adjuvant. Thus, the total immunization 

2C volume is 200pl, administered s.c. (sub outanecusiy) over the 
back of the animal. 

4. Boostings are performed 2-3 weeks after the primary 
immunization, and subsequently at 2-3 week intervals. The 
boosting/immunization material is prepared and administered 

2d exactly as the immun i za t i on material, but Freunds incomplete 
adjuvant is used. Probably three boosts will induce the 
rtaximai titer. Thus, the highest titers will be obtained 6-9 
weeks after the first immunization. - 

5. Bleedings are orbital bleeds of 50-100 ul usually taken 
30 before the first immunization and one week after each 
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boosting. Tail bleeds can also be used, and 10-20 ul can be 
sufficient for titre determinations. 

The initiation point of the ionization program will depend 
on the development of the disease, and the strategy we want to 
5 adopt, initially, we suggest that it is attempted to generate 
the maximal immunity as soon as possible, but it is difficult 
start immunizations sooner than at approx. 5 weeks of age. 
Hereafter, high titres should be maintained by boosting at 6-3 
wee, intervals, after the three initial boosts. There is a 
10 potential problem if the FGF8b is necessary for the normal 

development of the young mouse, and therefore one could argue 

• „ ^ ^ ■ „ ^ ^ i -.far in tne adult 
in favor of starting the Munnation, ^at^r ^ 

mouse . 

Analyses in the human system 

15 ^n the selection between the different FGF8b constructs the 
abiH-y of human antigen presenting cells to present the 
inserted immunogenic T cell epitopes to human T ceils will be 
irvectiaated. This will be done by using the same in vitro 

• = cc ^v^ for P2 and P30 presentation that were used 
processing assays tor r 

20 to- tre -NFa vaccine. Human T cell lines, which are specific 
for P? and P30, will be established from donors vaccinated 
against tetanus. Antigen presenting cells (PBMCs) from the 
same donors will be incubated with the different constructs 
and T ceil lines will be added. The level of presentation of 

25 the inserted T cell epitopes can then be compared by measuring 
the stimulation of the T cell lines. 

in vivo animal models 



At least two different systems will be used to monitor whether 
the induced FGF8b antibodies are capable of controlling a 

30 FGF8b dependent in vivo effect. 
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The mouse xenograft carcmcrra model will be usee for passive 
vaccination experiments. Nude mice will be transplanted with 
human tumors, and inhibition o: tumors would be a: tempted with 
transfer of serum from normal or humanized mice immunized with 
5 modified FGF3b proteins. This wcjld be very useful for 

studying the ability of the raised antibodies to suppress 
tumors . 

The other approach to achieve prDcf of concept will involve 
the use of mice transgenic for FGFBb. These mice, that are 

10 carrying the FGFBb cDNA under control of the very specific 
mouse mammary tumor virus (MMTV) promoter, are shown to 
spontaneously develop FGF8b expressing mammary tumors (Coombes 
personal communication). Aucova ccina t ion of these mice with 
the FGFSb variant proteins would enable us to show if the 

15 autovaccine will enable the mice to suppress or reject the 
tumors . 

A third possible approach to obtain proof of concept would be 
to use the Wnt-1 transgenic mice (MacArthur 1995c) . Induction 
of breast cancers by yiKTV virus is reported to activate FGF8 
20 expression in more than half of the mice developing tumors. 
FGF3b-dependency of the turners, could be established if our 
autovaccine (s ) could suppress the incidence or growth rate of 
the tumors . 

The fact that transgenic mice cften shew non -phys 10 1 og i ca 1 
25 immunological tolerance patterns will m:>sc likely not affect 
this project since the FGFSb polypeptides are identical fcr 
human and mouse. 

When, and if, a beneficial effect of the - induced polyc-lonai 
FGFSb antibodies eventually has been demonstrated in the mouse 
30 model and suitable human vaccine candidates have been selected 
it will be possible to perfcm a limited number of toxicology 
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studies Subsequently, to obtain a final proof of concept, 
carried out. 

Molecular construction work 
5 Four human/murine FGF8b mutants will be constructed. 

Mutant construction 

A . Construction of the 4 mutant cDNA's (two P2 ana 
two P30) into a bacterial expression vector. 

B. Construction of the wild type FGFBb cDNA into a 
10 bacterial expression vector 

Protexn purification ssed and purified 

The FGFBb variant proteins wil. be expr- 

f rom E . col i - 

Pro «in purxfxcat.cn, refolding, and characterization. 
Thi s will be continuous wor, throughout the project 

rtrtr « -h- first genetic constructions are 
starting as soon as ^ne rxxb. y 

made . 



in vitro assays 
A number of 

for the screening and selection procedure. 
ELI SA assays 



To assays . . 

20 ;»* t of „X„„ t - W«» -*« b » estebl.sheo 



25 



30 



assays . 
M Establishment of ELISAs for FGF8b antibod.es, botn 
co^e-cial antibodies and autovaccine-generated 
antxbodres. Prove that FGFBb mutant molecules can 
induce antibody generation. 

Cellular assays 

A Establishment of a neutralizing effect of the 
biological effect of recombinant FGFBb, medxated by 

the autoant-.bcdu. using e.g. K1H3I3 ceils. 

B Identification of human breast and prostate cancer 
cell lines that produce, and are dependent on FGr 8b , 
using antibod.es and cell proliferation assays. 



-_ r r « ; - >opl * C I / PK/ 1 9 99 - 1 0- 0 b 
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C. Inhibition of growth of at least one cf these 

FG 78b dependent cell lines by aut ova c -c i ne -gene rat ed 
antibodies, using ceil proliferation assays. 

D. Development of T cell epitope presentation assays, 
P3MC T cell assays towards the modified FGF8b 
antigens and peptides containing the T ceil epitopes 
+ flanking regions. 



in vivo assays 

Suppression or elimination of FGFSb dependent tumors in 
13 FGF8 transgenic mice. 

Suppression or elimination of FGFSb dependent, tumors 
transplanted into nude mice using autoantibodies. 

Critical decision points 

Selection of an FGF8b mutant that can induce 
15 autoantibodies. 

The ability of these autoantibodies to neutralize the 
biological effect of FGFSb. 

Identification of a significant percentage of breast ana 
or prostate tumors that produce and are dependent on 
2 0 FGFSb. 

The ability of the autoantibodies to suppress or eliminate 
FGFSb dependent turtcrs in FG F 8 b transgenic mice. 

The ability of the autoantibodies to suppress or eliminate 
FGFSb dependent tumors in nude mice. 

25 If the experiments using in vivo models have positive outcome, 
more mutants will be constructed based on the data available. 
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63 0 

- \n s r« s e e s: s | £ £ - - 1 - 

645 

?r, s u: E s i E - - «" I 



1723 



1776 



1824 



1872 



1920 



1968 



2016 



aga gca ttt att gat cca tta «J -a ^ *~ *f g £ £ £ Arg 
Arg Ala Phe He Asp Pro Leu Ciy g85 

-=r aaa tat gca ggg gag tC£ 

« „= .« , fa - w - 

His val He Tyr Ala Pro ^ 
690 

<-<-r aat att qaa age aaa gtg gac 

«° r a i" E «. - - L - 1 1 - ^ s - lys " 1 ™ 

Phe Pro Gly ne iyi 
705 

raa att tat gtt gca gec 
cct tee aag gec tgg gg. 9« £J ^ ^ Ile Xyr val Ala Ala 
Pro Ser Lys Ala Trp Gly Glu Val ~ys A 9 ?35 

725 

„ ,=, ,« T ^ s*. '«» - "«» 2L£L£H!L!!1— 

740 



2064 



2U2 



2160 



2203 



2253 



<210> 2 
<211> 7 50 
<212> PRT 
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<. 2 1 3 > Her e sapiens 

<4 00.-- 2 



['let G 



Asn Leu Leu His Glu 



>r Ala Val Ala Thr Ala Aru 
■ ; , 15 



p r< - Ire Leu Cys Ala Gly Ala „ou Val Leu Ala Gly Gly Phe 
23 25 33 

Phe Leu Leu Gly Phe Leu Phe Gly Trp Phe lie Lys Sex 5er Asr. Glu 

35 ' 4C 45 

Ala Thr Asn lie Thr Pro Lys His Asr. Met Lys Ala Phe Leu Asp Glu 

5 C 5 5 60 

Leu Lys Ala Glu Asr. lie Lvs Lys Phe Leu Tyr Asn Phe Thr Gin lie 

65 73 75 8C 



Phe Gin Leu Ala Lys Gin lie 



?ro 1 - L^u Ala Gly Thr Glu Gin Asr. 

35 90 95 



Gin Ser Gin Trp Lys Glu Phe Gly Leu Asp Ser Val Glu Leu Ala His 
130 105 123 

Tyr Asp Val Leu Leu Ser Tyr Pro Asn Lys Thr His Pro Asn Tyr He 
115 12 3 125 

'Ser He He Asn Glu Asp Gly Asn Gin He Phe Asn Thr Ser Leu Phe 
130 135 140 

Glu Pre Pro Pro Pro Gly Tyr Glu Asn Val Ser Asp He Val Pro Fro 
145 150 155 lfc3 

Phe Ser Ala Phe Ser Pro Gin Gly Met Pro Glu Gly Asp Leu Val Tyr 
165 170 175 

Val Asn Tyr Ala Arc Thr Glu Asp Phe Phe Lys Leu Glu Arq Asp Ket 
180 " 185 290 

Lys Tie Asn Cys Ser Gly Lys He Val He Ala Arc Tyr Gly Lys Val 

195 200 205 

Phe Arc Gly Asn Lys Val Lys Asn Ala Gin Leu Ala Gly A^a Lys Gly 
2 10 215 220 

Val He Leu Tyr Ser Asp Pro Ala Asp Tyr Phe Ala Pre Gly Val Lys 



2 30 



240 



: 9r p ro i\sp Gly Trp Asn Leu Pre Gly Gly Gly Val Gin Arg Gly 

245 * 250 255 



Asn He Leu Asn Leu Asn Gly Ala Gly Asp Pro Leu Thr Pro Gly Tyr 
250 265 27C 



;,1'Au::V)CTL 1 



146 

Arq Gly lie Ma Glu Ala Val Gly 



Leu Pro Ser He Pre Vai His Pro - 
Le 295 
290 

Leu Leu Glu Lys Met Gly Gly — ^ 

30 5 



Pro Ala Asn Glu Tyr Ma Tyr Arg Arg -y 

2^5 

Ala Gin Lys 

lie Gly Tyr Tyr as. 

300 

r Gly Gly ser Ma Pro Pro Asp Ser Ser Sr P Arg 

1 315 
31C 

-lv P-o Gly Phe Thr Gly Asn 
,, a i p r0 Tvr Asn Val y ^ 5 

Gly Ser Lea Lys Val Pro iy ^ 335 

• Tio His Ser Thr Asn Glu Val 

340 

Vl re Gly Thr Leu Arg Gly Ala Val Glu Pro 
xhr ? . rg lie Tyr Asn Val I.e Cly 3£5 

355 

, y is Arg Asp Ser Trp Val Phe Gly 

Asp Arc Tyr Val Zle Leu ^ >■ - 3B0 

P Gln ser Gly Ala Ma Val Val His Glu He Val Arg 
Gly He Asp Pro Gin Ser ^ 
^ y 390 
3R5 

t , Hu Gly Tr P Arg Pro Arg Arg Thr He 
Ser Phe Gly Thr Leu Lys Lys oxu Gly P 415 
405 

rin Phe Gly Leu Leu Gly Ser Thr 
. Leu Phe A la Ser Tr P Asp Ma Glu Glu 
420 

«- . A . q Leu Leu Gin Glu Arg Gly Vai Ala 
Glu Trp A la Glu Glu Asn Ser A.g ^ 
435 ' 

S er Ser He Glu Gly Asn Tyr Thr Leu Arg Val 
Tyr He Asn Ala Asp *er Ser ^ Q 

m t Tvr Ser Leu Val His Asn Leu Thr Lys Glu 
RSP Cys Thr Pre Leu Met Tyr ^ 480 

4 65 4 ' 

c„-r t pii Tvr Glu Ser 
ser Pro Asp Glu Gly Phe Glu Gly Lys Ser Leu Ty 

Leu Lys Ser ^ra 490 
435 

,„ w . ». .« » - - s; - s " Gly - ! " 

500 

n n n Aso Phe Glu Val Phe ?he Gin Arg Leu 
Ser Lys Leu Gly Ser Gly Asn Asp ^ 



— ^^77^ t rD Glu Thr Asn 

— ■— "~ — T al - Arc Tyr Thr Lys As., irp 

He Ala Ser Gly Arg Ala Arg iy ^ 
535 

530 

»• <^or Val ^vr Glu Thr Tyr Glu 



Lys - 55Q 

545 



147 



Le- Vp 1 G'J Lvs Phe Tvr Asp Frc Met Fne Lys Tyr His 

565 ST1 



eu Thr Va 

57 5 



Ala Gin Val Arg Gly 

59 0 



Me: Val ?he Glu Leu Ala Asr. Ser lie V 
5.5 59C 



Ala Val Val Leu Arg Lys Tyr Ale 



Leu Frc Pre Asp Cys Arg Asp Tyr 

=.o=, " GOC 60 5 



A-p Lv- He Tyr Ser Tie Ser Met Lys His Fro Gin Guu Ket Lys Thr 

61C 615 620 

Tvr Ser Val Ser Fee Asp Ser Leu Phe Ser Ala Val Lys Asn Phe Thr 

6 ;>5 630 535 54C 



ilu Tie Ala Ser Ly 
64 5 



Ser Lys Fhe Ser Glu Arg Leu Gin Asp Fne Asp Lys Ser 

65 0 65 5 



Asn Fro He Val Leu Arg Met C^e: Asn Asp 

660 665 6 



; Leu Met Fhe Leu Glu 



Arg Ala Phe He 
675 

his Val :ie Tyr 

C9C 

Phe Pre Guy He 
7i; 5 

Flo Ser Lys Ala 



Pre Thr Val Gin 
74C 



Asp Pro Leu Gly 
6S0 

Ala Pro Ser Ser 
695 

Tyr Asp Ala Leu 
710 

Trp Sly Glu Val 
725 

Ala Ala Ala Glu 



Leu Fro Asp Arg 



His Asn Lys Tyr 
7C0 

Phe Asp He Glu 
7 15 

Lys Arg Gin He 
73C 

Thr Leu Ser Glu 
7 4b 



Pro Phe Tyr Arg 

635 

Ala Gly Glu Ser 



Ser Lys Va* Asp 

720 

Tyr Val Ala Ala 



Val Ala 

750 



<21H 3"? 63 
' 212> LNA 

••5 1 3^ Homo sapiens 
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•:221 * CDS 

- 222> (I) - ■ (3765 i 



-'400^ 3 



arg gag ctg quo rjce ttg Lac cgc tgg gc 
Met Glu Leu Ala Ala Leu Cys Arg Trp 
1 5 



cue :cc gga cue gcg age 
Pre Fro Gly Ala Ala Se: 



acc caa g t g 
Thr Gin Val 

2 5 



etc etc etc gee etc ttg 
Gly Leu Leu Leu Ala Leu Leu 
10 15 



tgc ace cgc aea gac atg aag 
Cys Thr Gly Thr Asp Met Lys 

30 



43 



96 



148 



rac etc aac atg etc cgc cac 

s s £ s s £ ss s s: £ i - - - - 

50 

-rr eta cag gat ate cag gag ctg 

<» ~ s £ s: z s r« ;r, ™ «• - «« - 

100 

a - 1 ac" acc cct 

gc c ctg gcc gtg eta gac aat gga gac ccg ctg aac ^ ^ ^ ^ 
La Leu Ala Val Leu Asp A S n Gl, Asp 



144 



192 



240 



336 



120 

11? 



- «. - - r« s: sr, 2 « s £ - - - - 

Val Thr Gly Ala Ser rro biy 14C 
130 

at- cac egg aac ccc cag 
„= aca gag ate ttc -a gga ggg £c ^ ^ ^ ^ ^ prc Gl 



384 



432 



480 



etc aca gag - - Val Leu He 

Leu Thr Glu He Leu Cly . ^ 

145 ... _ afl „ aac 523 



S S - S 5 = - 55 K S S ~ $ = 

165 

z % s k s: e s - 1 - "» s - i ~ s 

180 

„ anr -cc cgc tgc tgg gga <3 a <3 a ^ 
cac ccc tgt tct ccg atg tgt aag ggc cc ^ ^ ^ ^ ^ Ser 
Pis Pro Cys Ser Pro Met Cys Lys G.y ^ 
195 

r ,tr tat qcc gqt ggc tgt 
,ct gag gat tgt cag age ctg acg cgc act gtc ^ ^ Cys 
Ser Glu Asp Cys Gin Ser Leu Thr Arg ^ 



576 



624 



672 



210 ... ,,«■ 7 20 



~„_ rac tgc cat gag cag tct 

".cc cgc tgc aag ggg cca ctg ccc act ga g ^ ^ Gln Cy 

Ala A=g cys Lys Gly Pro Leu Pro Thr A-p ^ 240 

s - s s £ ^ e «p s s K «. £ 



get gcc 
Ma Ma 



149 



His 



24 5 



l e cac a 5 1 ggc a *: 



Asn His 3er 
2 60 



c:: JiC tg: :ca :c: etc gtc 



lie 



S U rtlS LVS 



Val 



81- 



a-c tac aac aca gae acg c:t gag "c atg ccc aa: ccc gag qcc egg 
Tnr Tyr Asp. Thr Asp Tr.r ?he Glu Ser Met Pre Asa Pro Glu G^y arg 

275 28G 255 



tat aca etc eg: gec age 
Tyr Thr ?he Gly Ala Ser 

290 



tgt qtg act gec tgt ccc tac aac tac ctt 
Cys Vai Thr Ala Cys Pro Tyr Asn Tyr Leu 

2 9 5 3 3 0 



t c t acg g a c gtc g g a tec 
Ser Tr.r Asp Val Gly Ser 

305 31C 



jc ace etc gtc tgc cce etc 



cae aac caa 



Thr Leu Val Cys Pro Leu His Asr: Gin 



315 



320 



gag gtg aca gca gag gat 



cga aca cag egg tgt gag aag tgc age aag 
Glu Val Tr.r Ala Glu Asp Gly Thr Gin Arg Cys Glu Lys Cys Ser Lys 
325 330 335 



10 38 



ccc tgt gee cca gtg tgc tat cgt etg ggc atg gag cac ttq cga gag 
Pre Cys Ala Arg Val Cys Tyr Gly Leu Gly Ket Glu His Leu Arg Glu 
340 345 



3 50 



ate age gca gtt acc agt gee aat ate cag gag ttt get ggc tgc aag 
■Val Arq Ala Val Thr Ser Ala Asn Tie Gin Glu the Ala Gly Cys Lys 
355 360 365 



1 1 C t 



aag ate ttt azia age ctg gca ttt etg ccg gag age ttt gat ggg gae 
Lys r e Fhe Gly Ser Leu Ala Phe Leu Pro Glu Ser ?he Asp Gly Asp 
370 375 380 



cca gee tee a ac a 
Pro Ala Ser Asn Thr Ala Pre 
335 39C 



ccc ccg ere cag cca gag cag etc caa g.g ttt 
Leu Gin Pro Glu Glr. Leu Gin Val Phe 
TQj 4 00 



gag act etg 
Glu Thr Leu 



gaa gag ate aca ggt tac eta tac ate tea gca tgg ccg 
Gi u Glu IV g T K r Gly Tyr Leu Tyr lie Ser A La Trp Pro 
405 410 ^ 



1200 



124S 



cac age ctg ect gae etc age gtc 
Asp Ser Leu Fro Asp Leu Ser Vai 



ttc cag aac ctg caa gta ate egg 
Fhe Gin Asn Leu Gin Val He Arg 
4 2 5 - ? 0 



12 9 5 



qqa caa att ctg cac aat ggc gee tac teg etg acc ctg caa ggg ctg 
Gly Arg lie Lau His Asn Gly Ala Tyr Ser Leu Thr Leu Gin Gly Leu 



435 



440 



443 



gae ate acc tga etc ggg ctg ege tea ctg agg gaa ctg ggc agt gga 
Glv lie Ser Trp Leu Civ Leu Arg Ser Leu Arg Glu Leu Gly Ser Gly 



4 50 



455 



460 



1344 



.392 



150 



1440 



14 3 3 



erg gec etc ate cac cat aac acc cac etc tgc ttc gtg cac acg gtg 

Leu Ala Leu He His His Asn Thr His Leu Cys Fhe Val His Thr Val 

465 470 475 

cce tag gac caq etc ttt egg aac ccg cac caa get ctg ct: cac act 

Pro Trp Asp Gin Leu Phe Arg Asn Pro His Gin Ala Leu Lea His Thr 

485 490 495 

gec aac ccg cca gag gac gag tgt gtg ggc gag ggc ctg gec tgc cac 1536 

Ala Asn Arg Pro Giu Asp Glu Cys Val Gly Glu Gly Leu Ala Cys His 

500 505 510 



1532 



L6e0 



1728 



cag ctg tgc gec cga ggg cac tgc tgg ggt cca ggg ccc acc cag tgt 1d84 
Gin Leu Cys Ala Arg Gly His Cys Trp Gly Fro Gly Pro Thr Gin Cys 
515 520 525 

gtc aac tgc age cag ttc ctt egg ggc cag gag tgc gtg gag gaa tgc 
Val Asn Cys Ser Gin 'rhe Leu Arg Gly Gin Giu Cys Val Glu Glu Cys 
530 " 535 540 

cga gta etc cag ggg etc ccc agg gag tat gtg aat gec agg cac tgt 
Arg Val Leu Gin Gly Leu Pro Arg Glu Tyr Val Asn Ala Arg His Cys 
545 550 555 560 

ttg ccg tgc cac cct gag tgt cag ccc cag aat ggc tea gtg acc tgt 
Leu Pro Cys His Pro Glu Cys Gin Pro Gin Asn Gly Ser Val Thr Cys 
565 570 575 

ttt gga ccg gag get gac cag tgt gtg gec tgt gec cac tat aag zao 1776 
Fhe Glv Pre Glu Ala Asp Gin Cys Val Ala Cys Ala His Tyr Lys Asp 
580 585 590 

cct ccc ttc tgc gtg gec cgc tgc ccc age ggt gtg aaa cct gac etc 1814 
Pre Pre Phe Cys Val Ala Arg Cys Pro Ser Gly Val Lys Pre A.sp Leu 
595 600 605 

tec tac atg ccc ate tgg aag ttt cca gat gag gag ggc gca tgc cag 19^2 
Ser Tyr Met Pro lie Trp Lys Phe Pro Asp Glu Glu Gly Ala Cys Gin 
610 615 620 

cct tgc ccc ate aac tgc acc cac tec tgt gtg gac ctg gat gac aag 1920 
Pro Cys Pro He Asn Cys Thr His Ser Cys Val Asp Leu Asp Asp Lys 
625 630 635 640 

ggc tgc ccc gec gag cag aga gee age cct ctg acg tec ate gtc tct 1968 
Gly Cys Pro Ala Glu Gin Arg Ala Ser Pro Leu Thr Ser He Val Ser 
645 650 655 

gcg gtg gtt ggc att ctg ctg gtc gtg gtc ttc ggg gtg gtc ttt ggg 2016 
Ala Val Val Gly He Leu Leu Val Val Val Leu Gly Val Val Phe Gly 
660 665 670 

ate etc ate aag cga egg cag cag aag ate egg aag tac acg atg egg 2064 
He Leu He Lys Arg Arg Gin Gin Lys lie Arg Lys Tyr Thr Met Arg 
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€60 



. _ „ ~ t- 



2 c a ctg c t g ca'j v * =* <* c '5 U a ? c 11 " ^ ~ 5 5 " 
Arc: Leu I.e.: Gin Glu Tr.r Glu Lej Val Glu Pro 
6 5 0 t 3 5 



C L C a 



7 00 



-a cut age gga 2 11, 



gcg atg ecu aa: cag gcg cag atq egg at- :tg aaa 
Ala Met Pro Asr, Gin Ala Gl:: Met Arg He Leu Lys 
7 1- 7 10 715 



gag a eg gag ctg 
Glu Thr Glu Leu 



:16C 



aag aag gtg aag gtg cut gga tct gqc get ::t 
Arc Lys Va 1 Lys Val Leu Gly Ser GLy Ala ?he 
■?25 7 3C 



g t c t a c aag 



. y Thr Val 



i yr 
735 



cue at" tag ate act gat agg gag aat ctg aaa 
G~y lie Trr Tie Pro Asp Gly Glu Asn Val Lys 
"-.'4 0 1 4 5 



att oca gtg gec ate 
He Fro Val Ala Tie 

753 



:25fe 



aaa gtg ttg agg g^a aac aca tec ccc a^a gec 
Lvs Val Leu Arg Glu Asn Thr Set Pro Lys Ala 
755 760 



aac aaa gaa ate tta 
Asr. Lys Glu He Leu 
7 6 5 



gac gaa gea taa gtg atg get ggt gtg ggc tec 
Aso Glu Ala Tyr Val Met Ala Gly Val Gly Ser 

770 



cca tat gtc tec cue 
Fro Tyr Val Ser Arg 
7 3C 



2352 



c-.t ctg ggc ate tgc ctg aca tec acg gtg cag 
Leu Lea Gly lie Cys Leu Thr Ser Thr Val Gin 
7,35 7 90 7 95 



etc gtg aca cag ctt 
Leu Val Thr Gin Leu 

8 3 0 



2 4CC 



atg ccc tat ggc tgc etc tta gao cat ?t~ egg 
Met Fro Tyr Giv Cys Leu Leu Asp His Val Arg 
6 0 5 310 



gaa aac cgc aga egc 
Glu Asn Arg Gly Arg 
S15 



ctg ggc tec eag gae etc ctg aaa tgg tgt aug 
Leu Giv Ser Gin Asp Leu Leu Asn Trp 7ys Met 
320 325 



cag att ccc aag g?g 
Gin lie Ala Lys Gly 
63C 



■4 06 



atg age tac ctg gag gat gtg egg etc 31a cae 
Met Ser Tyr Leu Glu Asp Val Arg Leu Val His 
835 84C 



agg gac ctg ccc get 
Arg Asp Leu Ala Ala 
845 



'54 4 



cag aac gtg cog gto aag agt cec aac eat gte 
Arc Asn Val Leu Val Lys Ser Pro Asn His Val. 
? 5 0 3 5 5 



aaa att aca gac tte 
Lys lie Thr Asp Pne 
860 



ggg ctg act egg ctg ctg gae att gae gag aca 
Gly Leu Ala Arg Leu Leu Asp Ho Asp Glu Tar 

365 870 @75 



gag tac eat gca gat 
Glu Tyr His Ala Asp 

880 



2 64 0 



gcg gqc aag gtg ccc ate aag Log atg geg ctg 
Gly Gly Lys Val Pro Tie Lys Trp Met Ala Leu 
6 5 5 3 9 0 



gag tec att etc cgc 
Glu Ser He Leu Arg 



-68 3 



+ 
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nf ctG tag agt tat ggt gtg act gtg 

egg egg ttc acc cac cag agt ga gtg tgg g g ^ yai 

Arc Arg Phe Thr His Gin Ser Asp - - *P gl0 

900 yu3 

far nat aaq ate cca gec 
tgo gag ctg atg act ttt ggg gec aaa tac g ^ ^ ^ 

Trp Glu Leu Met Thr Phe Gly Ma Lys Pro Ty. Asp 

915 ^ J 
cgg gag ate cct gae c.g ctg ..J ^ ^ ^ «j ccc cag ccc 

Arg Glu He Pre Asp Leu Leu Glu Lys b.y ^ 
930 935 

=cc .« „c .cc .« - «j •» « s r v ; s s 

Pro lie Cvs Thr lie Asp Val Tyr Met M ^ 

945 

att gae tet gaa tgt egg cea aga ttc egg gag ttg gtg tct g aa t.c 
He Lo Ser Glu Cys Arg Pro Arg Phe A g Gxu -eu ^ 
965 y/J 

n1 . a ntc ate cag aat gag 
tec =gc atg gec agg gae ccc cag cgc g g g^ ^ ^ ^ ^ 

Ser Arg Met Ala Arg Asp Pro C-ln Arg ^ 
980 S 

rr a3h ccc ttc gae age aee ttc tac cgc tea ctg 
gae ttg ggc cca gec agt ccc g g ^ ^ ^ ^ ^ ^ 

Asp Leu Gly Pro Ala Ser Pro Leu P 
995 1000 

«, ~ - ~ r s « s - - k k s s 5 - 

», c ,*= «= «. - - ; - <s: s sn s: =s 

Val Pro Gin Gin Gly Phe Phe Cys Pro ^sp 1040 
1025 1030 1 

r--- -ac aqc tea tct acc agg agt ggc ggt 

g ge atg gtc cac cac agg c^ -gc age ^ ^ ^ ^ ^ 

Gly Met Val His His Arg His Arg ^ 105 5 
1045 1U3U 

cc ~ tct gaa gag gag gec ccc agg 

s: s z s? s s » - «« - - - - « 

1060 i065 

tct eca eg gca ccc tec gaa ggg jet ggc tee gat gta ttt gat ggt 

ser Pro Leu Ala Pro Ser Glu Gly Ala „ly 

1075 1030 

^^^^^^^^l^^^V^ Pro Thr "s 
Lp Leu Gly Met Gly Ala Ala Lys Gxy -u Gln^ 

1090 

z; iz :n s i" s: s r; e s: s - 9 "i r. £ 



2736 



2784 



2832 



2880 



2928 



2976 



3024 



3072 



3120 



3168 



3216 



3264 



3312 



3360 
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11C5 

ccc tct gag act gat 
Pre Se: Glu Thr Asp 
1125 



153 

11 



gec tac ett ccc 
31 v Tyr Val Ala 



■ t g ac: g - 
,-2u Thr Gvd Ser 



1120 

age ccc cag 
Fro Gin 
1135 



cct. g^a 



■erg a a c 
Val As: 
.14 0 



ac cag cca gat ett egg 



r. Gin ?: 



114 = 



ccc cag ccc c^r 
Pre Gin Pro Pre 

115C 



teg ccc 
Ser Fro 



cg'i gag gg 
Arg Glu 31 y 
1155 

agg gec aag 
Arg Ala T.ys 
117C 



cct ctg cct get gec cca cct 
Pr'j Leu Pro Ala Ala Arg 1-t: 
1160 



ct etc tec cca ggg aag aat 
hr Leu Ser Pre Gly Lys Asr. 
1175 



cct gg- gec act ctg gaa 
A 1 a Gly Pi 1 a Tar Leu G 1 u 
1165 

gcg etc gtc aaa gac gtt 
Gly Val Val Lys Asp Val 
11£9 



ttt ccc ttt ggg ggt gee gtg 
Phe Ala Phe Gly 



:ac aac 



ccc gag tac ttg aca ccc cag 



ly Ala Val Glu Asn Pr3 Glu Tyr Leu Tnr Pro Gin 



1185 

g g a g g a get 
Gly Gly Ala 



.90 



1195 



1200 



gec cct cag ccc eac cct cct cct gec tte aac cca gec 
Ala Fro Gin Pro His Fro Pro Fro Ala Phe Ser Fro Ala 
1205 12:0 1215 



gac aac etc tat eac tgg gac cag gac cca cca gag egg ggg get 
Pre Asp Asa Leu Tyr Tyr T rp Asp Gin Asp Pro Pro Glu Arg Gly Ala 
1220 1225 1230 



cca ccc age ace ttc a 
Pic Pre Ser Thr Phe Lys Gly Tar Pr 
1235 



egg aca cct acq gca gag aac cca gag uac 
hr Ala Glu Asn Pro Glu Tyr 
12 4 5 



;4 5 6 



} c 0 4 



3552 



3600 



3648 



3696 



37 4 4 



124C 



etc cqt ctg gac gtg cca gtg tga 
Gee Gly Leu Asp Val Pro Val 



210 
211 



4 

1255 
?RT 



213> Homo sapiens 



4 0 C > 4 

M-t Vrj Leu Aia A-a Leu Cys Arg Trp Gly Leu Lei 

q 10 I" 1 



;u leu Ala Leu Le: 



Gly Thr Asp Met Lys 



Frc Pro Gly Ala Ala Ser Thr Gin Val Cys -hr 

:> n 2 5 -*0 



Leu A.rg Leu Pro A 

3 5 



la Ser Pro Glu Thr His Leu Asp Mot Leu Arg His 
40 *5 



154 



T Yr Gin 31 y Cys Gin Val Val Gin Gly Asn Leu Glu Leu Thr Tyr 



SO 



55 



m « e y Tpm Se- Phe Leu Gin Asp He Gin Glu Val 

Leu Fro Thr Asn Ala .er Lea Se_ i- gQ 

G5 70 75 

L e Ala His Asn Gin Val Arg Gin Val Pro Leu 



Gin Gly Tyr Val Leu lie 



£5 



90 



95 



Gin Arc. Leu Ar g He Val Ar g Gly Thr Gin Leu Phe Glu Asp Asn Tyr 



LOO 



105 



Ala Leu 



Ala Val Leu Asp Asn 

115 



Gly Asp Pro Leu Asn Asn Thr Thr Pro 



120 



125 



Val Thr Gly 
130 



Ma Ser Pre Gly Gly Leu Arg Glu Leu Gin Leu Arg Ser 



135 



140 



Leu Thr Glu He Leu 
14 5 



Lys Gly Gly Val Leu lie Gin Arg Asn Pro Gin 



150 



155 



Leu Cys Tyr Gin Asp Thr lie Leu 
165 



Trp Lys Asp He Phe His Lys Asn 



170 



175 



Asn Gin Leu Ala Leu Thr Leu He Asp Thr Asn Ar 5 Ser Arg Ala Cys 



180 



185 



His 



PrG Cys Ser Pro He, Cys Lys Gly Ser Arg Cys Trp Gly Glu Ser 

200 zUb 



195 



Thr Val Cys Ala Gly Gly Cys 
220 



Ser Glu Asp Cys Gin Ser Leu Thr Arg 

210 215 
Ma Ar g cys Lys Gly Pro Leu Pro Thr Asp Cys Cys Hi, Glu Gin Cys 

i -3 0 Z J 0 

225 

Ala Ala Gly Cys Thr Gly Pro Lys His Ser Asp Cys Leu Ala Cys Leu 



245 

His Phe Asn His Ser 
260 



250 

Gly He Cys Glu Leu His Cys 
265 



255 

Pro Ala Leu Val 
270 



Thr Ty 



r Asn Thr Asp Thr Phe Glu Ser Met Pro Asn Pro Glu Gly Arg 



275 



280 



„, », *- Cl» ». =£ "I ™ M. C. «o T,< ^ T„. L.. 

290 



Ser Thr Asp 

305 

Glu Val Thr Ala 



Val Gly Ser Cys Thr Leu Val Cys 



Val Cys Pro Leu His Asn Gin 



310 



315 



320 



Glu Asp Gly Thr Gin Arg Cys Glu Lys Cys Ser Lys 



325 



330 



155 



Leu Gly Met Glu His Leu Arg Giu 



Fro Cvs Ala Arg Vai Cys Tyr Gly 

74 r 345 3 5 C 



VH Arg Ala Val Tor Ser Ala Asr lie Glr: Giu Phe Aia Gly Cys Ly« 
35 5 3 6C 3 65 

-•■■s 11- c 'ie Glv Ser Leu Ala ?he Leu ?rc Glu Ser Fne Asp Gly Asr 

-,7C ' 375 330 



pro Ail a S^r Asn 
335 



:r.r Ala Pro Leu Gin Pre Glu Gin Leu Gin Val Phe 

T h n ^5 ^ 0 0 



G'u Th- Leu Glu Glu lie Thr Gly Tyr Leu Tyr lie Ser Ala Trp 
405 410 415 



Asp 3e r Leu Pro 

4 2 C 



^sp Leu Ser Val Phe Gl:: Asr. Leu C-ln Val He Arg 
425 430 



Giy Arg He Leu His Asr. Gly Ala Tyr Ser 
1 S 4 4 0 



Leu Thr Leu C-ln Gly Leu 
445 



Gly He Ser Trp Leu Guy Leu Arg Ser Leu Arg Glu Leu Gly Ser Gly 

450 455 460 

L-u Ala Leu T ie i:s His Asn T'nr His Leu Cys Phe Val His Thr Va_ 

465 * -T'O 475 430 

o rc Trp Asp Gin Leu Phe Arc Asn Pro His Gin Ala Leu Leu His Thr 

4 85 490 495, 



\sn Arg Fro Giu Asp Giu Cvs Val Gly Giu Gly Leu Ala Cys His 



:30 



505 



His Cys Trp Giy Pre Gly Pro Thr Gin Cys 



Gin Leu Cvs Ala Arq Giy His Cys Trp 

515 ^20 525 



Val Asn Cvs Ser Gin Phe Leu Arg Gly Gir. Giu Cys Val Glu Glu Cys 
530 ' 535 540 



Ara Vai Leu Gin Gly Leu Pre Arg Glu Tyr Val Asn Ala Arg His Cys 
545 550 =55 560 



Leu Pro Cys His Pro Glu Cys Gin Pro Gin Asn Giy Ser Val Thr Cys 
565 570 575 



Phe Glv Pre Glu Ala Asp Gin Cys Vai Ala Cys Ala His Tyr Lys Asp 
530 535 590 

Pro Pre Phe Cys Val Ala Arg Cys Pro Ser Giy Val Lys Pro Asp Leu 
595 600 6^ D 

Ser Tyr Met Pro He Trp l.ys Phe Pro Asp Glu Glu Giy Ala Cys Gin 

615 620 
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Thr His Ser Cvs Val Asp Leu Asp Asp Lys 
Fro Cys Pro He hsn Cys Thr His ser ^ ^ 

625 630 

, r- 1 nrr, Al^ ^e- Pro Leu Thr Ser lie Val Ser 
Gly Cys ?rc Ala Glu Gin Arg Al« ~e_ Pro ^ 

645 b:DU 

t - -, Val val Leu Gly Val Val Phe Gly 
Ala Val Val Gly He Leu Leu Val Val Val 67Q 

650 665 

rl _ t v ^ !i e Arg Lys Tyr Thr Met Arg 
He Leu He Lys Arg Arg Hn Gin Ly- I- A g ^ 

67 5 68 J 

t , v-i rln D ro Leu Thr Fro Ser Gly 
Arg Leu Leu Gin Glu .nr o^a ±^ ^ 

690 695 
Ala Met Pro Asn Gin Ala Gin Met Arg He Leu Lys Glu Tnr Glu Leu 
705 710 

, , riv All Pbe Gly Thr Val Tyr Lys 
Arg Lys val Lys Val Leu Gly Ser Gly Ala Phe y ^ 

725 /JU 

fi„ rln Asn Va" Lvs He Pro Val Ala He 
Gly He Trp He Pro Asp Gly Glu Asn va_ y ^ 

740 M - 
Ly£ val Leu Ar g Glu Asn Tnr Ser Pro Lys Ala Asn Lys Glu He Leu 

755 /6C 

nv sp^- Pre Tyr Val Ser Arg 
• ASP C-lu Ala Tyr Val Met A,a Gly Val Gly Se- 

770 //b 

n r- Te i, Th- 3-r Thr Val Gin Leu Val Thr Gin Leu 
Leu Leu Gly lie Cys Leu Th. ^er inr gQ0 

785 790 

- nv cv^ leu Leu Asp His Val Arg Glu Asn Arg Gly Arg 
Met Pro Tyr Gly Cys Leu ueu « ^ gl5 

605 810 

A = n T-n Cvs Met Gin He Ala Lys Gly 
Leu Gly Ser Gin Asp Leu Leu Asn T P Cys M.u ^ 

820 a ^ 

r-n A,d Val Arg Leu Val His Arg Asp Leu Ala Ala 
Met Ser Tyr Leu G_u Asp V*± Arg ^ 

835 840 

„ g M „ v.x ». .« p» «» «■ «; J1 » Th= " p rae 

850 855 

^on -<*n He Asp Glu Thr Glu Tyr His Ala Asp 
Gly Leu Ala Arg Leu ueu ~sp He Asp ^ 8Q0 



865 



870 



— n^T7"';~ Tro Met Ala Leu Glu Ser He Leu Arg 

Gly Gly Lys Val Fro He Lys Trp Me. ^ 

8 8 5 



Arg Arg P h e Tta His Gin Ser Asp Val Hp Ser Tyr Gly V.1 T h r Val 



90C 905 
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,v i L«r Tar ?he Glv Ala Lys Pro Tyr Asp Gly _le Fro A^a 

3 - 5 920 

g'u T l" -rc Asp Leu Leu G]u Lys Gly GIu Arg Leu Pre Glr. Pr: 

' r _ o,c 940 



Fro He Cys Thr He A 
~ . - g c r 



Asr, Val Tvr P.et He Me: Val Lys Cys . rp Ker 
955 9^0 



I)e .so Ser Glu Cvs Ara Pro Arc Fhe Arg Glu Leu Val Ser Gin Fne 

*f.-r> ' 573 575 



Fhe Val Val * 1 c G _ r. As G 1 u 



Ser Arg Mot Ala Arg Asp Pro Glr. Arg 

9S0 935 993 



-j Gly > Ala Per Frc Leu Asp Ser Thr Phe Tyr Arg 

10UC 1005 



Leu Glu Asp Asp Asp Met Gly Asp Leu Val Asp Ala Glu Glu Ty 
-err 1015 1020 



1025 



^ "ro Gin Glr. Glv Phe Phe Cys Pro Asp Pro Ala Fro Gly Ala G_y 
- 1030 1C35 1040 



r.lv Met Val His His Arg His Arg 3er Ser Ser Thr Arg Ser Gly ^ 
1045 0050 1055 



Glv riSC L8J 



Thr 

L060 



.eu Gly Leu Glu Pro Ser Glu Glu Glu Ala Pro Arg 



06 f 



1 C 7 0 



Ser Pro Leu Ala Pro Ser Glu Gly Ala Gly Ser Asp Val Pr.e Asp Gly 
i0 75 1030 1095 

Asp Leu Gly Met Gly A_a Ala Lys Gly Leu Gin Ser Leu Pro Par His 
10 9 0 10 9 5 113 3 



Asp Pro Ser Pro Leu Gin Arg iyr 



r Ser Glu Asp Fro Thr Val Pre Leu 



1 1 0 5 



1110 



1115 



1120 



Ser Pro Gin 



d id c er Gi" ^hi Aso 3iv Tvr Val Ala Pre Leu Thr Cys 

1125 " H30 11^ 



Pro Glu Tvr Val Asn Gin Pro Asp Val Arg Pro C-ln Pro Pro Ser Pro 
114 0 II 45 1150 

Arg Glu Gly Pro Leu Fro Ala Ala Arg Pro Ala Gly Ala Tor Leu Glu 

-ICC T~.n0 1165 



Arq Ala Lvs Thr Leu Ser Frc Gly Lys 



117; 



1175 



Asn Gly Val Val Lys Asp Val 
118C 



Fhe Ala Phe Gly Gly Ala Va 
1185 1190 



1 Glu Asn Pro Glu Tyr Leu Tar Fro Gin 



1195 



12C0 
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^ ~ ~\ i -> Php S^r Pro A ^- a 
5iy Gly Ma Ma Pro G!n Pro Hi, Pro^ro «o ^ 



1205 



-o Pro Glu Arg Gly Ala 
1230 

P,e LVS Gly Tnr Pro Thr Ma Glu ^ -o Glu Tyr 



t.m Tvr Tvr Trp Asp Gin Asp P~o 
Phe Asp Asn Leu Tyr iy- u F k ^ 30 

1220 l ^ 



Pr o Pre Ser Thr Phe ^ — 124 5 

1235 

Le u Gly Leu Asp Val Pro Val 
1250 i " 



<210> 5 

<2 1 1 > 643 

<212> DNA 

<213> Mus mus cuius 

<220> 

<221> CDS 

<222> (1) - - < 645) 



<403> 5 tqc erg ctg ttg cac ttg etc 

atg ggc age ccc cgc tec gcg ctg ag tg g ^ ^ ^ Le Leu 
Met Gly Ser Pro Arc Ser Ala Leu ^ 15 

i 5 

act qt- cag tec tea cct aat ttt 
. gtt ctc tgc etc caa gee cag ^a -t ^ ^ prQ Asn phe 

val Leu CVS Leu Gin Ala .la Val T. ; 3Q 
20 

»nr eta atg acq aat eag etc age egc 
ac. eag cat gtg agg gag cag age «g 9 ^ ^ ^ Lgu Ser Arg 

Thr Gin His Val Arg Glu Gin S-r ^ 

35 

^ i-*c aac cac acc age ggg aag cac 
cgc etc ate egg acc tac cag etc ^ ^ Tht Ser Gly Ly9 His 

Arg Leu He Arg Thr Ty, G^n gQ 
50 55 

4- acc at a gca gaa gac gga 

III ill III TZ '„". ». S »• » ~ »« MP ^ 

65 7 0 

t act ttt gga a< 3 c a< 3 a 

z £ - s - z ;u r.; - i - - - - -,' 5 K) 

8 5 

— c tac ate tgc atg_aac_aag 

100 iU 



48 



96 



14 4 



192 



240 



288 



336 



r Pac cgc aaa gec aag gac tgc gta 384 

.„ s - - •« - r;, 4 - - - - «• - 

us 12J 
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ttc 



Thr 
133 



gag 
Gl u 



ate 
He 



gtg 
val 



c:g 
Leu 



Asn 



135 



tac a:? g-g — 3 ca ? acC g-- 

Tvr Thr Ala Lou Gin Asn Ala 
14C 



aaq 
Lys 
1 4 5 

aag 

L V 5 



t 3" 



G 1 \ 



g^7 
Glu 



tec 
Ser 



aag 
Lys 



:gg 
fro 



acg 
Th r 
165 



150 
cgc 



atg 
Met 



caq 
Glr. 



?he 



.ag cgc ccg ccc cgc 
Thr Arq Lys Gly Arg Frc Arg 



155 



cag 
Gin 



cao gag gr.^ 
Arc 



170 



.50 



itg aag 52 8 



Glu Val His ?he Met Lys 
- i; 



cgc 
Arg 



etc 
t si- 



cca 
Pro 



egg 
Arg 
18C 



cae cdc aec acc gag cag age ctcj cgc ttc gag 
His His Thr Thr Glu Gin Ser Leu Arg Phe Glu 
135 190 



ttc 

Pre 



etc 
Lea 



anc 
As r. 

195 



tac 
Tvr 



jcg 

Pro 



tt; 
PL. 



acg cgc age ctg cgc ggc acc cag agg 
Thr Arc Ser Leu Arc Gly Ser Gin Arg 
2C0 235 



act 
Thr 



Trp 
113 



gec 
Ala 



cag 

Glu 



ccc 
Pro 



cga 
Arg 
2 15 



tag 



<21C:- 6 

-;211> 215 

<L12> PRT 

<L13> Mus rr.us cuius 



<4CO 6 

M^t Gly Ser Pre Arg Ser Ala Leu Ser Cys Leu Leu Leu His Leu ,eu 
5 1C 15 



Val leu C 



ys Leu Gin Ala Gin Val Thr Val Gin Ser Ser Pro Asn Phe 



20 



3 3 



-h- G^ H^s Val Arc Glu Gin Ser Leu Val Thr Asp Gin Leu Ser Arg 
35 40 45 

hig Lpu He Arg Thr Tyr Gin Leu Tyr Ser Arg Thr Ser Gly Lys His 



.'al Gin Val Leu Ala Asn Lys Arg He Asn Ala Met Ala C 



7 0 



Glu Asp Gly 
30 



Fhe Ala Lys Leu lie Val Glu Thr Asp Thr Phe Gly 



E5 



Ser Arg 

95 



Val Arc Val Arg Gly Ala Glu Tnr Gly Leu Tyr lie Cys Met Asr. Lys 

130 105 HO 

Lvs Gly Lvs Leu lie Ala Lys Ser Asn Gly Lys Gly Lys Asp Cys Val 

115 120 125 




Phe Thr Glu He Val Leu Gin Asn 
13C 135 

Lys Tyr Glu Gly Trp Tyr Met Ala 
145 ISO 

Lys Gly Ser Lys Thr Arg Gin His 
165 

Arg Leu Pro Arg Gly His His Thr 
180 

Pre Leu Asn Tyr Pro Pro Phe Thr 
195 200 

Thr Trp Ala Pro Glu Pro Arg 
210 215 




160 

Asn Tyr Thr Ala Leu G_n Asn Ala 

140 

Phe ^hr Ara Lys Gly Arg Pro Arg 
155 160 

Gin Arg Glu Val His Phe Met Lys 
170 175 

Thr Glu Gin Ser Leu Arg Phe Glu 
135 190 

Arg Ser Leu Arg Gly Ser Gin Arg 
205 
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C LA 7 MS 

1. A method fcr inducing an immune response against a 
polypeptide antigen in an animal, including a human being, said 
polypeptide antigen being weakly immunogenic or non- immurogoni c 

5 in the animal, the method comprising effecting simultaneous 

presentation by antigen presenting cells (APCs) of the animal's 
immune system of an immunogen i ca 1 i y effective amount cf 

1) at least cne CTL epitope derived from the polypeptide 
antigen and/or at least one B-cell epitope derived from the 

10 cell-asso .Mated polypeptide antigen, and 

2) at least ine first T helper cell epitope (T, epitope) which 
is foreign to the animal. 

2. A method for down-regulating a cell-associated polypeptide 
antigen in an animal, including a "nun an being, saia polypeptide 

15 antigen being weakly immunogenic or non- immunogen i c in the 
animal, by inducing a specific cytotoxic T-lymphocyte (CTL) 
' response against cells carrying the eel 1 -associated polypeptide 
antigen on their surface or harbouring the cell-associated 
rolyoeptide antigen in their intracellular compartment, the 

23 rtethod comprising effecting, in the animal, simultaneous 

presentation by a suitable antigen presenting cell (A?C) of 
1) at least one ZTL epitope derived from the cell-associated 

polypeptide antigen, and 
; ) at least one first T-helper lymphocyte (T K ) epitope which is 

25 foreign to the animal. 

3. The method according to claim 1 cr 2, wherein said at least 
one CTL epitope when presented is associated with an MHC Class I 
molecule on the surface of the APC. 



30 



4. The method according to any of the preceding claims, where: 
said at least one first foreign T H epitope when presented is 
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associated with an MHC Class II molecule on tne surface of the 
APC. 

5. The method according to any of the preceding claims, wherein 
the APC is a dendritic ceil or a macrophage. 

5 6. The method according to any of the preceding claims, wherein 
the cell-associated antigen is selected from a tumour-associated 
antigen, a viral antigen, and an antigen derived from an 
intracellular parasite or bacterium. 

7. The method according to any of the preceding claims, wherein 
10 presentation by the APC of the CTL epitope and the first foreign 

T H epitope is effected by presenting the animal's immune system 
with at least one first analogue of the cell-associated 
polypeptide antigen, said first analogue comprising a variation 
of the amino acid sequence of the cell-associated polypeptide 
15 antigen, said variation containing at least the CTL epitope and 
the first foreign T H epitope. 

8. The method according to claim 7, wherein the at least first 
analogue contains a substantial fraction of known and predicted 
CTL epitopes of the cell-associated polypeptide antigen. 

20 9. The method according to claim 8, wherein the substantial 

fraction of known and predicted CTL epitopes in the amino acid 
sequence of the analogue are recognized by at least 90% of the 
MHC-I haplotypes recognizing all known and predicted CTL 
epitopes in the cell-associated polypeptide antigen. 

25 10. The method according to any cf claims 7-9, wherein 

sub st an t T a 11 y all known CTL -epitopes of the-eell-ass^ 

polypeptide antigen are present in the analogue. 
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11. The method according t: any of claims 7-1 C, wherein 
substantial: y all predicted CTL epitopes of the ce 1 1 -as sc c i ated 
polypeptide antigen are present m the at least first analogue. 

12. The rr.ethcd according to any of olairr.s 7-11, wherein the at 

5 least one first analogue further comprises a part consisting of 
a modification of the structure of the cell-associated 
polypeptide antigen, said modification having as a result that 
immunization of the animal with the first analogue induces 
production of antihodies in the animal against the cell- 
10 associated polypeptide antigen. 

13. The method according to any one of the preceding claims, 
which comprises effecting presentation to the animal's immune 
system of an immunogen l ca 1 1 y effective amount of at least one 
second analogue of the cel--associated polypeptide antigen, said 

15 second analogue containing a modification of the structure of 
the cell-associated polypeptide antigen, said modification 
'having as a result that immunization of the animal with the 
second analogue induces production of antibodies against the 
cell-associated polypeptide antigen . 

20 14. The method according to claim 13, wherein the modification 
comprises that at least one second foreign T\ epitope is 
included in the second analogue. 

15. The method according to any one of claims 7-14, wherein the 
first and/or second analogue (s.) comprise (s) a substantial 

25 fraction of the cell-associated polypeptide antigen's 3-ceil 
epitopes . 

16. The method according to any one of claims 7-15, wherein the 
variation and/or modification involves amino acid substitution 
and/or deletion and/or insertion and/or addition. 
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17. The method according to claim 16, wherein the variation 
and /or modification involves amino acid substitution ana/ or 
insertion . 

IB. The method according to any one of claims 7-17, wherein the 
5 variation and/or modification comprises that 

at least one first moiety is included in the first and/or 
second analogue (s) , said first moiety effecting targeting of 
the analogue to an antigen presenting cell (APC) , and/or 
at least one second moiety is included in the first and/or 
10 second analogue(s), said second moiety stimulating the 

immune system, and/or 

at least one third moiety is included in the first and/or 
second analogue(s), said third moiety optimizing 
presentation of the analogue to the immune system. 

15 

19. The method according to any one of claims 7-18, wherein the 
variation and/or modification includes duplication of at least 
one B-cell epitope or of at least one CTL epitope of the cell- 
associated polypeptide antigen 

20 20. The method according to any one of claims 7-19, wherein the 
variation and/or modification includes introduction of a hapten. 

21. The method according to any of the preceding claims, wherein 
the first and/or second foreign T H epitope is/are 
immunodominant . 

25 22. The method according to any of the preceding claims, wherein 
the first and/or second foreign T }1 epitope (s) is/are 
promiscuous . 

23. The method according to any of claims 14-22, wherein the 
first and/cr second foreign T H epitope (s) is/are selected from a 



3iotKr./AjtoVi:rL dh i - Ap P : to i /?tv l 993- : c - OS 



165 

natural T, epitope ana an artificial MHC-il binding peptide 



sequence . 



The method ac 



cordina to claim 23, wherein the natural 



i 0 - 



epitope is selected from a Tetanus toxoid epitope such as F2 or 
?30, a diphtheria toxoid epitope, a influenza virus 
hemagluttmin epitope, and a P. falciparum CS epitope. 

25. The method according to any one of claims 14-24, wherein the 
first and/or second T H epitopes and/or first and/or second 
and/or third moieties are present in the form of 

side groups attached covalentiy or non-cova lent 1 y to 
suitaole chemical groups in the ammo acid sequence of the 
cell-associated polypeptide antigen or a subsequence 
thereof, and/or 

fusion partners to the amino acid sequence derived from the 
cell-asscciated polypeptide antigen. 

26. The method according to claim 25, wherein the first moiety 
xs a substantially specific binding partner for an APC specific 
surface antigen. 



9 " 



11. The method according to claim 26, wherein the first moiety 
20 is a carbohydrate for which there is a receptor on the APC, such 
as mannan or rnanncse. 

28. The method according to any one of claims 18-27, wherein the 
second moiety is selected from interferon y ( I FN - y ) , Fl 1 3L, 
interleukin 1 (IL-1), interleukin 2 (IL-2), interieukin 4 (IL- 
25 4) , interleukin € (IL-6), interleukin 12 (IL-12), interleukm 13 
(IL-13), interleukin 15 (IL-15), and granulocyte-macrophage 
colony stimulating factor (GM-CSF) , or an effective part - 
thereof. 



# 
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29. The method according to any one of claims 18-28, wherein the 
third moiety is a lipid such as a palmitoyl residue cr a 
myristyl residue. 

30. The method according to claim any one of claims 7-29, 
5 wherein the first and/or second analogue (s) has/have 

substantially the overall tertiary structure of the cell- 
associated polypeptide antigen. 

31. The method according to any one of claims 7-30, wherein 
presentation by the APC is effected by administering, to the 

10 animal, an immunogenically effective amount of the at least one 

first analogue . 

32. The method according to claim 31, wherein is also 
administered an immunologically effective amount of the at least 
one second analogue. 

15 33. The method according to claim 31 or 32, wherein said at 
least one first and/or second analogue (s) is/are formulated 
together with a pharmaceutical^ and immunologically acceptable 
ca.rrier and/or vehicle and/or diluent and/or excipient and, 
optionally an adjuvant. 

20 34. The method according to claim 30, wherein said adjuvant 

facilitates uptake by A?Cs, such as dendritic cells, of the at 
least first and/or second analogues. 

35. The method according to claim 31, wherein the adjuvant is 
selected from the group consisting of an immune targeting 
25 adjuvant; an immune modulating adjuvant such as a toxin, a 

cytokine, and" a mycobacterial derivati ve; an oil formulation; a 

polymer; a micelle forming adjuvant; a saponin; an 
im-nunostimulating complex matrix (ISCOM matrix); a particle; 
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lOA; alumir.iu.-n adjuvants; DNA adjuvants; v-inuliri; and an 
encapsulating adjuvant. 

36. The method according to claim 35, wherein the cytokine is 
selected from interferon y CFN-y), Flt3L, interleukin 1 (Il-l) , 

£ interleukin 2 (IL-2), interleukin 4 (IL-4), interleukin 6 :iL- 
6', interleukin 12 (IL-12), interleukin 13 (Tl-13), interleukin 
15 (IL-15), ana granulocyte-macrophage colony stimulating factor 
;SM-CSF), or an effective part thereof. 

37. The method according to claim 3 5 or 36, wherein the toxin is 
10 selected from the group consisting of listericlycin (LLO) , Lipid 

A (M?L, L180 . 5/RalLPS) , and heat-labile enterotoxin. 

33. The method according to any one of claims 35-37, wherein tae 
ry:obacteria! derivative is selected from the group consisting 
of muramyl dipeptide, complete Freund' s adjuvant, RIBI, and a 
15 ciester of trehalose such as TDM and TDE. 

39. The method according to any one of claims 35-38, wherein the 
immune targeting adjuvant is selected from the group consisting 
of CD40 ligar.d, CD40 antibodies or specifically binding 
fragments thereof, mannose, a Fab fragment, and CTLA-4 . 

20 40. The method according to any one of claims 35-39, wherein the 
oil formulation comprises squalene or incomplete Freund' s 
ac j uvant . 

41. The method according to any one of claims 35-4C, wherein the 
polymer is selected from the group consisting of a carbohydrate 

25 such as dextran, PEG, starch, mannan, and mannose; a plastic 
polymer such as; and latex such as latex beads. 

42. The method according to any one of claims 35-41, wherein the 
saponin is Qui 11a ja saponaria saponin, Quil A, and QS21. 
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rti no to any one of claxms 35-42, wherein the 
43 The ir.ethod accoramg to any 
particle comprises latex or dextran- 

lairus 31-4 3 ^ which 
44 . The method according to any one of^c^m ^ ^ ^ ^ 

includes administration vra intraderma l, the subdermal, 

5 and the parenteral route sue * ^ ^ 

the intracutaneous, tne the spina l, the anal, and 

buccal, the sublmquai, tne epi 
the intracranial routes. 

r l5in 31-44, which includes 
45. The method according to any o c la ^ ^ ^ ^ ^ 5> 

10 at least one administration a year, 
6, and 12 administrations a year. 



non- 
nucleic 



«. The meth oa according t o ^'^^X, a 

■ offprted by aaministering, 
P^sentatxon i» effec Y h ^ carrying a nucle 

pathog enic microorganism o " at least ORe CTL 

15 acid fragment encoding and express 

• „ d the at least one T K epitope, 

epitope and tne at 

of claims 7-1"?, wherein 
" e " eC " oc vitu s which is carrying at Last or, 



first analogue. 



• • „ to a ny of claims 18-30, wherein the T H 
48 . Th e method accord, to^y ^ ^ ^ are 

epitope and/or the fx- ^ ^ ^ acid 

present in the for. of fus * * d polypeptl de antigen, 

25 sequence derived from the c adminis ter mg , to the 

-----a-n-im-alT a no -pa^no ^ ^ fragment encoding and 

carrying at leabL 

• ^ hhP first analogue- 
expressing the i-r^ 
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4^-. The method ac:Drdir.q to any of claims 13-17 or 47, wherein 
presentation is effected by acimir.isterin;, to the animal, a non- 
f athDcetic ^icroorgar.is.Ti or virus which is carrying at least one 
noclei:: a -id fragm.ent which encoces and expresses the at least 
5 first analogue. 

50. The methrd according to any of claims 13-30 or 48, wnerein 
the T :; epitope and /or the first and/or second and/ or third 
moieties are ro re sent in toe form of fusion partners to the amino 
acid sequence derived from the oe 1 1 -as see ia ted polypeptide 

10 antigen, and wherein present at ior is effected by administering, 
t t the animal, a n on -pa t ho :eaic microorganism or virus which is 
carrying at least one nucleic acid fragment encoding and 
expressing the first analogue. 

51. The method according t<: any c f claims 46-50, wherein the 
15 non-pathogenic microorganism is a bacterium. 

51'. The method according to claim 51, wherein the bacterium is 
selected from, the oenera Escherichia , Bacillus, Salmonella, and 
Mycobacter i un: . 

53. The method according to claim 52, which is an E. coli cell 
20 or a Mycobacterium bovis BCG cell. 

54. The method according to any c: claims 46-50, wherein the 
non-pathogenic virus is a vaccinia virus strain. 

55. The method according to any of claims 46-54, wherein the 
non-pathogenic microorganism or virus is administered once to 

2 5 the an irr.ai . 



56. The method according to any one of claims 1-6, wherein 
presentation is effected by in vivo introducing, into the A PC, 
at least one nucleic acid fragment which encodes and expresses 



H/or the at least one B-cell 
ttt eaitope and/or ^.r.e 
the at least one CTL epi ^ ^ epitope . 

ito ~e and the at leas, one iirst 
epitope, en 

-7_i 7 wherein 
one claims 7-1 ' , 
57 . Th e method according to any into the APC 

P-sentat,on is -«^ f ^ encwli „ g and express., the 
5 at lea st one nuclei acid 
first analogue. 

* rlaims 18-30, wherein the 
.,■ „ *-n ?av one oi claims 
58 . me method according -o seCOPd an d/or rhird moietie, 

T„ epitope and/or the first and^r ^ ^ ^ ^ _ d 
are present in the for. of ^ d ?olype ptide antigen, 

10 sequence derived fro, t^c by viv0 introducing 

and wherein presentation „s ^ encoding and 

expressing the firs, analogue. 

59 . The method according to any t^C, of 

15 which further prises ^ « encoding and expressing the 

at least one nucleic acid 
second analogue. 

f c^ms 18-30 and 48, 
60 . The .ethed according ^ ^, or second and/or 

20 wherein the T H epitope and/or the ^ ^ paEtners to the 

thi rd Pieties are present^- cell _ asSOC iated pclypeptxae 

am ino acid sequence derived .rom intro duction, into 

„, and which further co, - ^ 

* least one nucieit, 
the APC, of at leas 

oecond analogue. 
25 expressing the secon 



f claims l-6 f wherein 
61 . TM m«nod acoordin, to any « , < > ng _ lnto the 

.^C^-^-Z^^f^ ^fe^ope and ««.in 

,„d „p...... the at ™ ; t me Ilc . t f o r ei,n T. «PitoP« 

30 encodes and expresses the 
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and wherein tne first foreign T H epitope is as defined in any- 
one cf claims 1, 2 and 21-24. 

62. T h e method according t c any one of claims 4 6 - h 1 , wherein the 
nucleic acid fragment is) introduced is/are selected from naked 

5 DNA, DNA formuiateo with cnarcea cr uncharged lipids, DNA 
formulated in liposomes, DNA included in a viral vector, DNA 
formulated with a transfection- facilitating protein or 
polypeptide, DNA formulated with a targeting protein cr 
polypeptide, DNA formulated with a targeting carbohydrate, DNA 
10 formulated with Calcium precipitating agents, DNA coupled to an 
inert carrier mcierule, and DNA formulated with an adjuvant. 

63. The method according to claim 62, wherein the adjuvant is 
selected from the group consisting of the adjuvants defined in 
any one of claims 3 4-43. 

15 64- Tne method according to any one of claims 46-63, wherein the 
mode of administration is as defined in claim 44 or 45. 

65. A method for selection of an immunogenic analogue of a cell- 
associated pDlypeptide antigen which is weakly immunogenic or 
non-immunogenic in an animal, said immunogenic analogue being 
20 capable of inducing a CTL response in the animal against cells 
displaying an MHC Class I molecule bound to an epitope derived 
from the cell-associated polypeptide antigen, the method 
comprising 

identifying at least one subsequence of the amino acid 
25 sequence of tne ce 1 1 -a ssoc i a ted polypeptide antigen which 

does not contain known or predicted CTL epitopes, 
preparing at least one putatively immunogenic analogue of 
the cell-associated polypeptide antigen by introducing, in 
the amino acid sequence cf the eel 1 -associated polypeptide 
30 antigen, at least one Th epitope foreign tc the animal in a 
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t leas . one subsequence identified m 
position within the at leas. 

step a) , and d in ste p b5 which are 

■ „ -vWthose analogues pr y a nimai. 
- selecting uh-/th ^ & ^ response xn 

verifiablY capable o- 

^ tn» subsequence 

■ gc, wherein 

66 . The »«tnod .ccordin, to = ^ cysteiM 

io „ tl! U- in step a, the T . epitope introduced 

re!i due 5 . or, * — ^ eiter t h e P-««" of cy.te.n 
in S tep b, does not 
residues . 

, - m fi<5 or 66, wherein the 
61 . The „.tnod aooordm, to cl.» ^ ^ „„ tai „ „„wn 

9 , jbseq »e„ce ^dentUied « « -etein the 

or predicted .ivco.,^ ■ ; ^ •«« 

T epitope introduced in .top 

t U aiycosylation pattern. 

«-67, wherem the 
s ... T ne „etnod »«„ « ™ f M „„«, S signlf i=antiy to a 

su d 9 e q uence *> ~ «»— fc , o£ 

pa „ phyal oio gl =.l ;he intr oduction rn step 

peptide :p ;" teducas ot adoil-, 

the foreign T„ epi 
20 patophysiological effect. 

65-68 wherein the 
69 . The .ethod according ^^^Jto an a.mo acid 

^sequence identif antigen of the ani.al, and 
sequence of a different prot ^ step b) 

. . hP introduction of the H 
wherein in homoiogy _ 

25 substantially remov 

55-59 wherein 

^.introduction &«£&n = S = ^-» — 
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71. The me- hod according :o claim 70, wherein the analogue has 
the overall tertiary structure cf the cell-associated 



72. The method according to any of claims 55-71, wherein the 

5 preparation in step b) is accomplished by molecular biological 
means or by means of solid cr liquid phase peptide synthesis. 

73. A metnod for the preparation cf ceil producing an analogue 
of a cell-associated polypeptide antigen, the method comprising 
introducing, into a vecror, a nucleic acid sequence encoding an 

10 analogue which has been selected according to the .-net hod of any 
of claims 55-72 and transforming a suitable hose cell with one 
vector . 

74. A method for the preparation cf an analogue of a cell- 
associated polypeptide antigen, the m.ethod comprising culcurmg 

15 the cell obtained according to the method of claim 73 under 

conditions facilitating expression of the nucleic acid sequence 
encoding the cell-associated polypeptide antigen, and recovering 
the analogue from the culture supernatant or from the cells. 

75. The method according to claim 74 which further comprises the 
20 step of purifying the recovered analogue and, optionally 

subjecting the purified product to artificial pos t-t rar.s lat ional 
modifications such as refolding, treatment with enzymes, 
chemical modification, and conjugation. 

76. Use cf an analogue of a celi-associatec polypeptide antigen 
25 which is weakly immunogenic or ncn- immunogenic in an animal, 

said analogue comprising 

an amino acid sequence containing a substantial fraction of 
known and predicted CTL epitopes of the eel 1 -associated 
polypeptide antigen, and 
30 - at least one T, epitope which is foreign to the animal, 
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animal 



• 76 w-erein the analogue further 
77 . The use according to claim , ^ ^ cell _ assoc iated 
5 has the overall tertiary - struc ~ ^ pa tho P hysiologi- 

polypeptide antigen and/or la P sociated polyP e P tide 

re lated amino acid residues of th- 
antigen. 

n , nr 77 wherein the substantial 
19 . The use according to c.a . itope5 i„ the -» "= ld 

10 taction o £ Kno.n and P red,cte< ^ ^ ^ ^ o£ t , e 

seq „ence of the .n.logue .re ^ CTL 

„ HC , fc a Pl ct r ^ 
epitopes in the cei 

of claims 76-78, wherein 
79 . Tne use according t0 ^ ^ of the ce ll-associated 

n„ ?11 known C1J-. e P lLU ' 
15 substantially in tne analogue, 

"polypeptide antigen are present 

, ro anv of claims 1-65 or the use 
80 . The method according to y ^ ^ ^ 

according to any of claims > ° , ^ ^ consisting of 
associated antigen is select 
20 prostate-specific membrane ant.ge 

Her2, FGF-8 such as FGF-8A and FGF-8b, 

fibroblast growtn factor, e.g. 
hunan ch orioni C gonadotropin (hC.) 

BAGE, 
25 beta-actinin, 

Carcino Embryonic Antigen (<-EA) , 

Cathepsins 

CD33 , _— — — — — — 



'""'cDK-4, 

30 E6, 
E7, 
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E3FR, 

E3P4 0 (KSA) , 

G = s: rin- re 1 easing peptide ;boir.bssm) , 
5 GnTY, 
i™ P 1 

golCC (me la noma -associated) , 
qp 7 5 (ne lanoma- as socia t ed ) , 
IGFR1 , 

1 C K. j , 

MAGE such as MA3E1 ana MAGE3 , 
MART , 

Matrix Hetalloprcteinase such as MM F 2 , MMP3, MM? 7 , and MMP 9 , 
Mucin, such as MUC-1, M3C-2, M"JC-3, and MUC-4, which is 
15 aberrantly glycosylated, 

mux-: , 

r.15 (nelanoma -associated } , 
£AI-1 , 
P DG F , 

2 0 Plasmir.ogen such as uPA, 

RAGE , 
TGF-a, 
TR?-I /gp-75 
TRP-2, 
2 5 Tyrosinase, and 
ZAG . 

81. The method jr use according to claim 83, wherein the cell- 
associated polypeptide antigen is PSM 

82. The method or use a -cording to claim 81, wherein the foreign 
30 T-cell epitope is introduced in a part of the PSM amino acid 

sequence defined by SEQ ID NO: 2 positions 16-52 and/or 87-103 
and/or 21C-23C and/or 259-289 and/or 298-324 and/or 442-465 
and/or 483-514 and/or 598-630 and/or 643-662 and/or 672-699. 
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8 , The method or use according to claim 

t , r amelioration of prostate cance 

treatment or ame±x^ 
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2 used in the 



1 or 



. accord no to claim 80, wherein the cell- 



(FGF8b) . 

85 



claim 84, where the foreign 
85 . The method or use according to c ai ^ amino ac id 

sequence defined by SEQ 85 _ gl and/or 

10 and/or 55-58 and/or ^f^l^ l28 - l34 and/or 

138-144 and/or 149 15 does not substantially 

wherein the introduction P«* e » b * 15 . 

i "rn 84 or 85 used in the 

' -reatmeit ot amelioration of cencer 

breast cancer. 

according to claim 80, wherein the cell- 
87 . The method or use acc.rdx g 
associa ted polypeptide antigen as 

1 im 87 wherein the foreign 
20 88. The method or use according *° c *™ f ^ ^ atnino acid 
T-cell epitope is introduced in a - ~ and/or 105 . 119 

^ w c^n TD NO: 4 positions o± 
^""^ 7, 5 '° ! 226 „d,o, 252-266 and/or 327-3.1 
» 1 - 165 ^ 7 0£ , ! and/or 5B1-5 9 S and/or «-.6 
and/or 373-365, - d « 2 : 235 and/ot ,57-27! and/or 387-403. 
25 and/ot 116-160 and/or 221 

i R7 or 88 used in the 

89 The method or use according to^- 

yy - Ulfc! — — — — . — -"fTreast cancer. 

treatment" or amelioration of breas 
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90. An analogue of human ?3M which is irrariuncger.ic in humans, 
said analogue comprising a substantial part of ail <nown and 
predicted CTL and 3-ce^l epitopes of ?SM and including at least 
one foreign T, epitope as defined in any of clairr.s 21-24. 

5 91. The analogue according to claim 90, wherein the at least one 
foreion T H epitcoe is present as an insertion in the PCM amine 
acid sequence or as a substitution cf part of the P5M amino acid 
sequence or as tne result of deletion of pact of the PSM amine 
acid sequence. 

10 92. The analogue according to claim 91, wherein the foreign T, 
c-p.itope is introduced in the positions defined in claim 72. 

c,3_ & r , an alo:ue of human Her2 which is immunogenic in humans, 
sard analogue comprising a substantial part of ail known and 
predicted CTL ana 3-cell epitopes of Her2 and including at least 
15 one foreign T H epitope as defined in any of claims 21-24. 

9 4. Tne analogue according to claim 93, wherein the at least tne 
foreign T M epitope is present as an insertion in the Her2 amino 
acid sequence or as a substitution of" part of the Her2 amino 
acid sequence or as the result of deletion of part of the iierl 
2 0 amino acid sequence. 

95. The analogue according to claim 94, wherein the foreign T H 
epitope is introduced in the positions defined m claim 75. 

96. An analogue of human /murine FGF3b which is immunogenic in 
humans, said analogue comprising a substantial part of all known 

25 and predicted CTL and 3-cell epitopes of FGF3b and including at 
least one foreign T H epitope as defined in any of claims 21-24. 

97. The analogue according to claim 96, wherein the at least one 
foreign T H epitope is present as an insertion in the F3F8b ammo 
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* ^-t of the FGFSb amino 
acld seo^.ce « as • o£ p art , t - — 

acid sequence or as the resui. 
amino acid sequence. 

t-n claim 97, wherein the foreign T H 
9S . me analogue accords to ' in cIaim ,3. 

5 epitope is introduced in the posits 

mrh comprises, as an effective 

' S " lC l l pt ,ar,aceutic,UV and l^oiogicaUy 

ln " nlcle , dlluent , or axemen,, and 

acceptable carrier, 
10 optionally an adjuvant. 

•c coition according to claim 99, wherein 
100. The immunogenic compo-t 

mi- is as defined in any c claims 
the aa]uvant is as 

composition according to c.axm 99 o. 

15 pharmaceutical. 

nr which encodes an analogue according 
102 _ A nucle ic acid fragment which 

to any of claims 90-97. 

• , hP nucleic acid fragment according to 
103. A vector carrying tne nuclei. 

claim 102. 

^ r-TAim 103 which is capable of 
20 104. The vector according to claim 
autonomous replication. 

1 <m 103 or 104 which is selected 

. io S . «- ««« *=™ tz~«- . . »»"• • 

from the group consisting of a P 

mini-chromosome^andaj^ru^ 

„ f claims 103-105, comprising, 
25 106 . Th. vector accords to «» oI ^ . pI „ teI t or 

in -.he 5-3' direction and m operable 
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driving expression of the nucleic acid fragment according :o 
claim 102, optionally a nucleic acid sequence encoding a leader 
peptide enabling secretion of cr integration into the membrane 
cf the polypeptide fragment, the nucleic acid fragment according 
5 to claim 102, and a nucleic acid sequence encoding a terminator. 

10". The vector according to any of claims 103-106 which, when 
introduced into a nest cell, is integrated in the host ceil 
genome . 

10£. The vector according to any of claims 103-106 vhich, when 
10 introduced into a host cell, is n:t capable of being integrated 
in the host cell genome. 

IDS'. The vector according to any of claims 106-108, wherein the 
promoter drives expression in a eukaryotic cell. 

110. The vector according to any of claims 106-109, wherein the 
15 promoter drives expression in a prok.aryotic cell. 

111. A transformed cell carrying the vector of any of claims 
103-1C0 . 

111*. The transformed ceil according to claim. Ill which is 
capable of replicating the nucleic acid fragment according to 
20 claim 102. 

113. The transformed ceil according to claim 102, whicn is a 
microorganism selected from a bacterium, a yeast, a protozoan, 
or a ceil derived from a multicellular organism selected from a 
fungus, an insect cell, a plant cell, and an mammalian ceil. 

25 114. The transformed cell according to claim 113 which is a 
bacterium of the genus Escherichia , Bacillus , Salmonella, or 
Mycobacter i urn . 
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^ rl.h 114, which is an K . 
115 . The transformed cell accoraing to claim 

coli cell- 

^ ruin 115, which is a 
116 The transformed cell accoraxng to claim 1 , 
lib. me ^ .11 onrh as M. bovis BLb. 

nonpathogenic Mycobacterium cell such 

f mpd „ ell according to any of claims 111-116, 
5 H7. The transformed -exl acC ordina to claim 

, hP nucleic acid fragment accoram. 
which expresses the nuc_ei 

102. 

117 which secretes 
ii =r-rordinq to claxm H', 

10 claims 90-97. 

,, irtion of antibodies against 
■4.-^ for inducinc production 

119 . » :; QO „ pos : tlo „ » P ,,i M 

PSM, Her2 or FGF3b, the 1Q2 or a vector 

13) a nucleic acid fragment according to clai 
according to any of claims 103-10B .J* 

Hr3llv and immunologically accept 
15 14, a pharmaceut cally a excip ient and/or 

and/or vehicle and/o. came 
adjuvant . 

- ■ iig wherein the nucleic 

, . n o-j,iifl and which expreb^^ 
any of claims 103 110 a optl onally secretes 

fragment according to claxm 102, ^ ^ 

or carries the analogue according to any 
surface . 

~f t-hP cell according to any 

25 122 . * t - ""•'Z'ZZll tLb****-*-*- 

------- ^,™-^™^^ M ^™ cii ^ t, 102 or 

= r id fragment accoraia-j 
cell with the nuclei- acid 103 -110. 
with the vector according to any of claims 
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